
00

• 1USAAMRDL TECHNICAL REPORT 71-46

AN EXPERIMENTAL INVESTIGATION OF
HIGH-SPEED ROTORCRAFT DRAG

lames C. Linville

February 1972

EUSTIS DIRECTORATE
U. S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY

FORT EUSTIS, VIRGINIA
CONTRACT DAAJ02-70-C-0018

UNITED AIRCRAFT CORPORATION
SIKORSKY AIRCRAFT DIVISION

4 STRATFORD, CONNECTICUT

I Approved for public release;
distribution unlimited. R 27 1972

Reprou cod by 3
NATIONAL TECHNICAL -"

INFORMATION SERVICE
Springfield, Vi. 2215!



DISCLAIMERS

The findings in this report are not to be construed as an official Department of the
Army position unless so designated by other authorized documents.

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility nor any obligation.
whatsoever; and the fact that the Government may have formulated, furnished, or
in any way supplied the said drawings, specifications, or other data is not to be re-
garded by implication or otherwise as in any manner licensing thr' holder or any
other person or corporation, or conveying any rights or permission, to manufacture,
use, or sell any pateited invention that may in any way be related thereto.

Trade names cited in this report do not constitute an official endorsement or approval
of the use of such commercial hardware or software.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator.

• J;TI wV:•r! f• "Gicnai
:-"C 6ILU SLCTWI~ c'f

. .. .

12-AWIL MUM, SPEWAt



Unclassified
Security Classificastion

DOCUMENT CONTROL DATA -R &D
(Security classifktionim of tile,. bodiy of abstract and indoxing antiototio, muset be en'ereE vrwhen tov@erall topoditoI clasilloed)

I. ORIGINATING ACTIVITY (COOPOVSHeaStW*) IZS. REPOi4T SECURITT CLASSIPFACATION

United Aircraft Corporation I Unclassified
Sikorsky Aircraft Division Zb. CRU
Stratford, Connecticut

2. REPORT -ITLE

AN EXPERIMENTAL INVESTIGATION OF HIGH-SPEED ROTORCRAFT DRAG

4. OESCASPTIVE NOTES rTr'p of dpatawm~dincl,,el" dates)
Final Report

James C. Linville

0. REPORT DATE 74L TOTrAL NO. 007 PACE$ Ub. N4o. 01, REPS

February 1972 213 5
6A. CON4TRACT OR .R^NT ft0. Ma ORIGINATOR*S REPORT NukfttSEINS

DAAJ()2-70-C.0018
6. ProJECT NO. USAAMRDL Technical Report 71-46

C.Task 1F162203AA4102 96, OTHER REPORT NOMS (Any .00VAmBeOO SAIM 60e 40001eaIm

4L SER-50713 i1

10. DISTRIOUTIO" STATEMENT

Approved for public release; distribution unlimited.

It. SUPPLEMENTARY NOTES 112.;SPOSRGITAYAIVY

IEsi DSirectorateI
U.S. Army Air Mobility R&D Laboratory
Fort Eustis, Virginia

IS. LOSTRACT

An experimental investigation was carried out to d-'termine the effect of Mach number on the drag charac-
teristics of a high-speed Wingless and w~nged helicopter when equipped with two different rotor head
fairings. A simulated unfaired rotor head was provided as a basis for comparison. Tt.sts were performed
using a 1/9th scale mocel of a 60.000pound class helicopter design. Data acquired included gross model
force and rotor head force data, wing and pylon surface pressures, and tuft photos.

For the Wingless helicopter configuration, the "floating"' rotor head fairing operating in conjunction with a
blowing boundary layer control (BLC) system provided a maximum equivalent drag saving of 5.5 square
feet of parasite area at Mach numbeis up to 0.4. The corresponaing saving for the "rigid" fairing at a
Mach number of 0.4 was 3.5 square feet. For the winged configuration, smaller savings were achieved.
due primarily to interference drag resulting from an inadequate wing root-pylon junction for the high wing
incidence investitgated -

Increasing Mach number increased the drag of all configurations tested. This drag rise was particularly
severe at Mach numbers greater than 0.4 for all of the Winged configurations tested with either faired or
unfaired rotor heads and for the wingless configuration with the floating fairing.

~ P4 73REPLACES 00 PORMN 1472. 1 JANG 44. WINCH I
UV Iors'v 0947 OSSOLETE FO AN UE Unclassified

Security cleasalficadofi

-,



4 L•.flilaROfi•=d t1
apfflislffncmtton

14. LINK A LINK 8 LINK C.CKEY WORODS -

KROLE WT ROLE WT ROLE WT

Helicopter
Drag
Wind Tunnel Test

* Unclassified

Secrity (aaSflcatiRo

"--- SA



DEPARTMENT OF THE ARMY
U. S. ARWAY AIR MOBILITY RESEARCH A DEVELOPMENT LABORATORY

EUSTIS DIRECTORATE

FORT EUSTIS. VIRGINIA 23e.04

NU

:I This report has been reviewed by the Eustis Directorate,

U.S. Army Air Mobility Research and Development Laboratory
and is considered to be technically sound.

The purpose of this effort was to determine, by an exper:-
mental investigation, the effects of Mach number on the t-ag
characteristics of a high-speed helicopter. This investiga-
tion considered botn conventional and winged helicopter
configurations equipped with three different rotor heads
(unfaired, rigid fairing, or floating fairing). The heli-
copter configuration with the floating rotor head iairing
was also equipped with a boundary layer control device to
reduce drag.

Th;.s program was conducted under the technical management
of Mr. William T. Yeager, Jr., cnd Mr. Paul IH. Mirick of
the Aeromechanics Division of this Directorate.

VV



Task 1F162203AA4102
Contract DAWJ02-70-C-0018

USAA•RDL Technical Report 71-46
Febrtary 1972

AN EXPERIMENTAL INVESTIGATION OF
"HIGH-SPEED ROTORCRAFT DRAG

11

Final Report

SER-50713

by

James C. Linville

I'• Prepared by

United Aircraft Corporation
Sikorsky Aircraft Division

Stratford, Conaecticut

fo~r

EUSTIS lIRECTORATE
U. S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMET LABORATORY

FORT E•u3TIS, VIRGINIA

Approved for public release;
distribution unlimited.

-- ; - Z4*



SUMMARY

An experimental investigation was carried out to determine the effect of

Mach number on the drag characteristics of a high-speed wingless and
winged helicopter when equipped with two different rotor head fairings.
A simulated unfaired rotor head was provided as a basib for comparison.
Tests were performed using a I/9th scale model of a 60,000-pound class
helicopter design. Data acquired included gross model force and rotor
head force data, wing and pylon surface pressures, and tuft photos.

For the wingless helicopter configuration, the "floating" rotor head
fairing operating in conjunction with a blowing boundary layer control

(BLC) system provided a maximum equivalent drag saving of 5.5 square feet
of parasite area at Mach numbers up to 0.4. The coriesponding savings
for the "rigid" fairing at a Mach number of 0.4 was 3.5 square feet. For
the winged configuration, smaller savings were achieved, due primarily to
interference drag resulting from an inadequate wing root-pylon junction
for the high wing iL4.idence investigated.

Increasing Mach nuimber increased the drag of all configurations tested.
This drag rise was particularly severe at Mach numbers greater than 0.4 for
all of the wv.nged configurations tested with either faired or unfaired
rotor heads and for the wingless configuration with the floating fairing.
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FOREWORD

'This test program 'gas sponsored by the Eustis Directorate, U. S. Army Air
Mobility Research and Development Laboratory, and was monitored by
Messrs. William Yeager and Paul Mirick. The program was authorized by
DA Task JF162203AAId02.

Mr. Evan Fradenburgh of Sikorsky Aircraft assisted in the design of the
floating fairing system and in the analysis of the data obtained there-
from.
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INTRODUCTION

The feasibility of high-speed flight of conventional and compound heli-

copters has been demonstrated in numerous flight and wind tunnel tests.
However, the efficiency of many of these aircraft could be significantly
improved by minimizing rotor head and pylon drag. A number of rotor head

fairing concepts have been proposed, and some of these have reached the
wind tunnel or flight test stage. An accurate comparison of their
effectiveness has not been made, however, because of differences in model
scale and other test conditions. In addition, the effect of Mach number
on the drag characteristics of helicopter designs with either faired or
unfaired rotor heads has not been determined. Two promising rotor head
fairing concepts are the "rigid" fairing, shown in Figure 1 on the
Sikorsky S-67 BlackhawkTM helicopter, and the full-s.,ale "floating' fair-ing with boundary layer control (BLC), shoun in Figure 2.

The rigid fairing was designed to provide a minimum-size sealed cover forthe rotor head, Blade flap and lag motions are accommodated by sealed •

ball joints which are attached to the blade cuffs just outboard of the
coincident flap-lag hinge. The central portion of the fairing is attached
directly to the rotor head. This fairing concept has previously been
tested at small scale and low speeds in the wind tunnel, and in flight on
the S-67 helicopter.

The ellipsoidal, floating rotor head fairing was developed to provide a

streamlined, low-drag-coefficient enclosure for the rotor head, shaft
and control rods. Previous investigations by Sikorsky Aircraft have shown
that the theoretical reduction in drag provided by an ellipsoidal shell
covering the rotor head may not be realized in practice because of tIe
large adverse interference between the rotor head fairing and the pylon.
This interference is manifested by flow separation over the aft portion of
the pylon and fairing, and this separation may extund to the wing root
area and aft fuselage. Attempts were made to alleviate the adverse
pressure gradient over the aft fairing by cambering the ellipsoid to re-

* duce the pressure gradient beneath it; however, this resulted in only
minor reductions in drag.

In 1960, full-.scale tests were carried out to investigate the reduction of
interference between the rotor head fairing and the pylon by means of blow-
ing boundary layer control (BLC). The rotor shaft and pushrods were
enclosed in a circular cylinder with jet slots just aft of the maximum
thickness point, blowing along a wedge-shaped afterbody as shown in Figure 2.
The ellipsoidal rotor head fairing was attached to the rotor blades
outboard of the flap-lag hinges, allowing it to "float" with the rotor tip
path plane and thus minimizing the size of the cutout holes necessary to
allow blade motions. The wedge-shaped afterbody was spring loaded and
telescoping so that it followed the motions of the ellipsoidal shell.
Sliding seals were provided between the afterbody and the ellipsoidal
fairing and between the cylinder and the ellipsoidal fairing. This system,
when used with the boundary layer control, was shown to reduce significantly
the adverse interference between the fairing and the pylon so that the
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system provided a net saving in drag. These tests -ere reported in
Reference 1.

The tests described in this report include a model buildup of 21 config-
urations including both fairing concepts on wingless and winged helicop-
ters. Tests were conducted at various angles of attack for Mach numbers
from 0.2 to 0.6. Rotor head RPM was also varied. Data acquired include
gross model lift, drag, and pitching moment, rotor head draZ (measured by
a separate balance), and pylon and wing surface pressures.

2
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DESCRIPTION OF MODEL AND TEST FACILITIES

I •MODEL

The test model was designed to represent the airframe of the Sikorsky
S-65-200 compound helicopter, an aircraft design of approximately 62,000B ' pounds gross weight, with a 79.-foot-diameter rotor and a 47.5-foot wingsar.
Although no rotor was tested under this contract-, the model size was
selected to be compatible with existing 9.0-foot-diameter model rotors.
Thus, the scale factor (in length) is 9/79 = 0.114 = 119. A drawing of the
model is presented in Figure 3.

SMODEL CONFIGURATIONS

14 The model fuselage could be equipped with eitler of two main rotor pylons,
two rotor head fairings (each associated with a particular pylon), an
unfaired rotor head, blade stubs, and a wing. Twenty-one combinations of
these components were tested during this investigation. The model
component designations are listed in Table I. Table II summarizes the
test configurations and the type of data acquired for each. Photographs
of each of the rotor head configurations are shown in Figure 4. The two
complete configurations with fairings are shown in Figure 5.

Table III summarizes the frontal areas of the various model components.

FUSELAGE AND ROTOR DRIVE

The fuselage was constructed with an aluminum and fiberglass skin over a
steel frame. The model was mounted on an existing -.ingle strut which was
swept forward from the tunnel floor at 300 with the fuselage at zero a le
of attack. All instrumentation and model support lines were internal .o
this strut. The fuselage was also equipped with a downward-angled V-tail
in order to eliminate any yaw-sideslip instability of the model on the
flexible support strut. The V-tail had an included angle of 450 to pro-
vide a large effective vertical area. A photograph of the V-tail is shown
in Figure 6, and its characteristics are summarized in Figure 3.

A rotor drive system was provided to rotate the rotor heads through an RPM
range simulating rotor tip speeds from zero to 670 ft/sec. The complete
rotor and drive system assembly was mounted on an internal strain-gaged
six-component balance. Care was exercised in routing the rotor drive
system power, cooling, and lubrication lines to minimize the interference
between the metric and nonmetric parts of the model.

WING

The wing was constructed of fiberglass over an aluminum spar. Figure 7 is
a schematic of the wing, including pressure tap locations and dimensions.
The wing was located in a high position in the aircraft design to avoid
having the wing carry-through structure intrude into the useable cabin
space. The wing was positioned longitudinally to place the wing
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aerodynamic center at tC e rotor centerline. The wing was set at an in-
cidence of 8.50 with respect to the fuselage. This incidence was chosen
so the wing and fuselage would carry two-thirds of the aircraft gross
weight at a 230-knot cruise at 8000 feet with the fuselage level. Remov-
able fillets were provided to fair the wing-fuselage-pylon junctions. The
fillet for the rigid fairing pylon cp-n be seen in Figure 4c. No provisions
'were made for wing flaps, ailerr-..:, ur propeller nacelles. Wing tips were
formed by rotating the tir.-section about the tip chord.

FLOATING FAIRING ANT BOUNDARY LAYER CONTROL SYSTEM

The floating fai ring system, incorporating a pylon, a boundary layer con-
trol system (BL,), and an ellipsoidal fairing, is shown with the wing in
Figure 5a. This fairing system was previously tested at full scale but
low speeds (X:eference 1). The full-scale model is shown in Figure 2. In
this design, the ellipsoidal fairing is mounted to the rotor blades out-
board of the flapping hinge. This attachment method enables the fairing
to move with the largest blade motions-steady-state lag, steady-state flap
(coning), and first harmonic flap (tip-path-plane tilt)--thus reducing the
size of the cutouts in the fairing necessary to accommodate blade motions.
The 1/9th scale model fairing was equipped with blade stubs and the exposed
tips of the bl&de retention cuffs to simulate --e blade root-fairing
Junction, but actual blade cutouts and seals were not providcd. Good
sealing of the cutout holes is necessary for obtaining maximum drag re-
duction with any fairing. The model fairing was 16.9 inches in diameter
and 4.5 inches high. The bottom of the fairing was located 1.75 inches
above the top of pylon F2-

The BLC cylinder was 6.0 inches in diameter and was fitted with a wedge-
shaped afterbody which provided a sharp trailing edge. On operational
fairings, this afterbody would be designed to follow the coning and tip
path plane tilt motions of the rotating fairing; this was done in the
full-scale test, Figure 2, but not in the 1/9 scale model tests. Felt
seals were provided between the afterbody and the fairing and between the
BLC cylinder and the fairing. Two jets, shown in Figure 8, exhaust air
tangentially along the afterbody to prevent separation behind the BLC
cylinder. Thus, attached flow is maintained on the fairing and rear pylon.
The jet slots were vertical, and -:ere located at an angle of 1000 aft of
the cylinder leading edge. The jets were each 2.66 inches high by 0.10
in..h wide. Four vanes were mounted in each of the jet slots to produce an
even, tangential flow pattern. These vanes were 0.040 inch thick; there-
fore, the total jet area was 0.50 square inch. Air was supplied at a
controlled mass flow to the BLC cylinder through three 1-inch hoses from a
400-psi source. A plenum chamber was located inside the cylinder. The
supply air was diffused through perforated pipes which were designed to
provide low velocities and uniform pressure inside the plenum. Jet total
pressure was determined by several total pressure tubes within the plenum
chamber.

The BLC cylinder was bolted to the floating fairing pylon, P2 , which was
made of mahogany. A drawing of the floating fairing pylon with the BLC
cylinder and afterbody is shown in Figure 9. Pressure tap locations,
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shown in this figure, are specified by longitudinal station in inches from
the rotor shaft centerline and section cut. Section cutting planes are
taken parallel to the longitudinal axis of the fuselage and pass through
the fuselage top center. The zero-degree section cutting plane is hori-
zontal to the left side of the aircraft, the 900 section cutting plane is
vertical, and the 1800-section cutting plane is horizontal to the right
side of the aircraft.

RIGID FAIRING

The rigid fairing consists of a minimum-size, sealed cover for the rotor
head. A photograph of a full-scale fairing of similar design installed on
the S-67 Blackhawk is shown in Figure 1. The main shell of this fairing
is attached rigidly to the rotor head, and a felt seal is provided between
the shell and the pylon. Each inboard blade segment is covered by a
spherical shell centered on the coincident flap and lag hinges. This
component is attached to the blade outboard of the flap-lag hinge to allow
blade motions. The sliding joint between the main fairing shell and the
ball is equipped with a seal. The unfaired axms extending from the top
of the S-67 fairing are bifilar vibration absorbers, and are not part of
the fairing.

The model fairing, shown in Figure 4c, was equipped with a felt seal
between the fairing and the pylon; however, no attempt was made to simu-
late working seals between the flapping and nonflapping portions of the
fairing. Two-foot-diameter blade stubs were provided.

The pylon for the rigid fairing was made from mahogany and was equipped
with adapters to allow testing with and without the wing and the rigid
fairing. This pylon was pressure tapped as shown in Figure 10.

When the rigid fairing was tested without the pylon, an aluminum disc was
provided to cover the bottom of the fairing.

ROTOR HEAD

In addition to the two rotor head fairings, a representative 4-bladed
rotor head was provided as shown in Figure 4 a. The rotor head was made of
aluminum with a flap-lag hinge offset of 3.625 inches and could be equipped
with 2-foot-diameter blade stubs of elliptical cross section. A simulated
swashplate and pushrods were also included.

As a result of an oversight, the rotor head was tested with four spacers
(shown in Figure 4 a) during the early portion of the test. These spacers
were used to mount the rigid fairing to the rotor head and were removed
for the last three bare rotor head conditions tested. The three rotor
head configurations are designated: H.1 - without blade stubs but with
spacers; H2 - including both stubs and spacers; and H3 - including blade
stubs and no spacers. The effects of the spacers were relatively small
and can-be determined directly by comparing data obtained with configura-
tions F• 2 and FH3 .
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WIND TUNNEL AND TEST CONDITIONS

The United Aircraft Research Laboratories (UARL) Main Wind Tunnel, showm
in Figure 11, is a closed-circuit, single-return facility which can be
equipped with either an 18-foot low subsonic or 8-foot high subsonic test
section. This test was conducted in the 8-foot section, which has anS~octagonal cross section 7.75 feet across the flats. The tunnel fan is
driven by a single 9000-horsepower electric motor producing high subsonic

capability. Windows join the test section and the control room.

Air exchangers in a low-velocity portion of the tunnel stabilize the
temperature of the airstream and cause the tunnel total head pressure to
be atmospheric; density altitude therefore varies with test Mach number

from about 1000 feet at M = 0.2 to about 7500 feet at M = 0.6. Figure 12
summarizes the variation in velocity and Reynolds number per foot with

test Mach number. The large size of the model and the high test speeds
make most of the model components supercritical throughout the test speed

e; however, some of the rotor head components such as the blade cuffs
Sare subcritical. Figure 13 presents the variation in critical length
'with test Mach number, assuming a critical Reynolds number of 3.5 x 105.
The critical length was between 0.25 and 0.1 foot for all test conditions.

Some experimental results indicate that certain streamlined bodies of
revolution display irregular drag characteristics in the transition range
between Reynolds numbers of approximately 106 and 10T (Reference 2). It is
possible that because certain components tested herein (notably the pylons)
were operating iu this Reynolds number regime, some of the effects noticed
might be due in part to Reynolds number. It is believed, however, that
the effects of Mach number on model drag discussed later are valid.

Unless otherwise specified, the rotor head rotational speed was 1422 rpm,
corresponding to a tip speed of 670 ft/sec for a 9-foot diameter rotor.
Tests were also conducted at zero and 711 rpm to determine the effect of
rotor head rpm on drag.

DATA ACQUISITION EQUIPMENT

Two data acquisition systems were employed during testing. The primary
system was the UARL Static Data Acquisition System, STADAS III, which
automatically recorded on magnetic tape the wind tunnel operating con-
ditions, tunnel balance data, and wing and pylon pressures. in addition,
when the boundary layer control (BLC) system for the floating fairing
configuration was operated, the BLC mass flow was recorded by STADAS III.
Gross model forces were computed and transmitted to the control room on-
line using a PDP-6 digital computer which was linked to a teletype.

Rotor balance data were displayed on and recorded from a Balance Axis
Converter which can resolve six components of balance data into six forces
and moments about an arbitrary reference axis system using analog circuitry.

In addition to the above, 70-millimeter photographs of tufts on the wing
roots and pylons were taken at selected test conditions.
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DATA REDUCTION AND ACCURACY

DATA REDUCTION

The data acquired by the STADAS III facilities and the Sikorsky Balance
Axis Converter were processed off-line using UNIVAC 1108 digital com-
puter. All balance data have been corrected for gravity tares, and the
tunnel balance data have been corrected for gross mounting strut tares.
These tares are simply the measured drag of the mounting strut without the
model attached. No corrections for t]e interference of the strut on the
fuselage have been made. All force and moment data are in the wind axis
system, have been scaled to full-scale values, and divided by freestreami
dynamic pressure for convenience in presentation. Model angle of attack
has been corrected for wall effects, and the tunnel velocity has been
corrected for solid and wake blockage (Reference 3). The following axis
system origins were used: Rotor head forces ;ere resolved about the center
of the rotor head. Gross model forces were resolved about the inter-
section of the rotor shaft and fuselage centerline. Wing-alone forces
were resolved about the quarter chord of the wing root section.

Force and pressure data obtained during testing are presented in tabular
form in Appendixes I and II. Appendix I includes all of the model and
tunnel operating conditions, tunnel balance data, and rotor head drag and
RPM, where applicable. Appendix II includes the static pressure data on
the two pylons and the wing.

DATA ACCURACY AND REPEATABILITY

The accuracies of the tunnel and rotor balance data in terms of full-scale
forces and moments divided by dynamic pressure, and in terms of poundsI

and foot-pounds for the 1/9 scale model are as follows:

Tunnel Balance Accuracy Rotor Balance Accuracy

M f = D/q,ft 2 L/q,ft 2  PM/q,ft 3  D/q,ft 2  .

0.2 0.4 4.8 5.8 0.7
0.3 0.2 2.3 2.8 0.4

0.4 0.1 1.3 1.6 0.2

0.5 0.07 0.9 1.1 0.15
0.6 .05 0.7 0.8 0.1

Pounds, +0.3 lb +3.75 lb +4.5 ft-lb +0.6 lb
foot-pounds:
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Figure 14 presents repeatability data for the tunnel balance drag measure-

ments at a Mach number of 0.2. Figure 15 presents repeatability data for
the rotor balance at Mach numbers of 0.2 and 0.4.

The static pressure data taken on the pylons and wing roots are accurate
to 0.1 percent of the 10-psi full scale. Therefore, the accuracy of the
pressure coefficients is as follows:

Mach Number Accuracy in pressure coefficient, Cp

0.2 .025
0.3 .012
o.4 .007
0.5 .005
o.6 .003

Figure 16 presents repeatability data for the pylon pressures.

BOUNDARY LAYER CONTROL SYSTEM DATA

The ability of a boundary layer control system to energize the local
boundary layer flow for prevention of separation is a fumction of the net
thrust of the jet. If the jet exit pressure is equal to free stream
static pressure, the net thrust is simply the product of the mass flow of
the jet system and the excess of jet velocity over free stream velocity,
or Tnet = • (Vj - Vo). For the more general case, where jet exit pressure
is not equal to free stream static pressure, the net thrust is the sum of

momentum and pressure terms:

Tnet = (Vj - Vo) + (pj -po) Aj

This equation may be rearranged to represent gross thrust and ram drag
terms:

Tnet =i[ VJ + PJp - Aj] - m HVo] = Tgross - Dra2

The .,,oss thrust term may be derived in terms of jet Mach number, resulting
in the following expression:

Tnet = PMJ Aj + (PJ- A - Dram

The gross jet thrust, as expressed by the bracketed term in the equation
izmediately above, was determined by measurement of pressures on the model
in accordance with the following procedure. The total pressure in the
jet, Hj, was assumed equal to the pressure measured within the plenum con-
tained in the boundary layer control cylinder. This pressure was compared
with the average surface static pressure measured on the two sides of the
cylinder adjacent to the jet exits. if the ratio of surface static
pressure to jet total pressure was greater than the critical pressure ratio
of 0.526, th.en the jet was assiumed to be subsonic, the jet exit pressure



p was assumed to be equal to the adjacent surface static pressure, and
t~e jet Mach number was calculated from the ratio pj/Hi in accordance with
standard subsonic flow theory. If the ratio of adjacent surface static
pressure to jet total prassure was equal to or less than 0.528, then the
jet exit Mach number was assumed to be 1.0 and the jet exit pressure pj
was assumed to be 0.528 Hj. These assumptions are compatible with the
fact that the nozzle was convergent only, not convergent-divergent. For
either subsonic or sonic exit conditions the gross jet thrust was calcu-
lated in accordance with the bracketed term in the equation above. No
nozzle coefficient was applied, i.e., the effective exit area was assumed
equal to the geometric exit area.

The ram drag term, Dram, did not exist on the wind tunnel model because of
the manner in which the external supply of conpressed air was introduced
into the system. However, in an actual flight situation the boundary
layer control air would be brought on board from the surrounding atmosphere
and compressed by some means in the aircraft. In these circumstances there
would be an additional ram drag force, equal to the product of the mass
flow of the boundary layer control system and the fr-e stream velocity,
ih Vo. This ram drag was added to the experimental model drag measured by
the wind tunnel balance to correct the drag to a flight situation. The
mass flow used in dete-mining ram drag was that mass flow of atmospheric
air at an altitude corresponding to the tunnel operating cnndition, which,
when pumped up in an isentropic manner from free stream total pressure to
jet total pressure, would be compatible with the actual jet exit area.
This mass flow generally was not identical to the actual wind tunnel model
mass flow, because in the wind tunnel the jet temperature and therefore
density for a given jet total pressure was not identical to conditions
that would exist in flight. The mass flow used in the calculations was
determined by the following equation, from Reference 4.

= ..'7-A]

where tsj tc :( )

To calculate the rumping power for the boundar-: :-.....
following procedure was 'O.lowe.. -.n horsepowr ;.as f:r:-
the case of isentroý-ic compression from the fr', ztr.... : r'-ssf-J .:f t

to the jet total pressure
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An efficiency of 75 percent was assumed for the pump/duct system, so that

the actual horsepower required is:

11 pump .7 HPump ideal

The pumping power is converted to an equivalent drag by the equation

550 HPPumPDpump - Vo0

For convenience in the analysis, both thrust and drag terms are converted
to equivalent parasite area terms by dividing by free stream dynamic
pressure:

Tnet
BLC Net Thrust parameter = fl =niiq

Equivalent Parasite Area for Pumping =

q

t&



DISCUSSION OF RESULTS

THE FLOATING ROTOR HEAD FAIRING

Because of large adverse aerodynamic interference which can exist between
streamlined covers for rotor heads and the rotor pylon and fuselage, some
rotor head fairings may increase rather than decrease overall drag. The
floating rotor head fairing was operated in conjunction with a blowing
boundary layer control system to attempt to overcome this problem by pre-
vention of separation over the aft portion " the rotor head fairing and
pylon. The boundary layer control air is ejected through slots on either
side of a cSlindrical cover (BLC cylinder) for the rotor shaft and control
rods. Typical effects on drag of this fairing are summarized in Figure 17.
The left-hand bar r-presents the drag of the configuration without inter-
ference between the rotor head fairing and the pylon. This is the sum of
the measured drag of the floating fairing when tested on the fuselage
without a pylon (and with the shaft drag subtracted), and the measured
drag of the fuselage, pylon, and BLC cylinder and afterbody tested
separately (con.igur.tion FPtBLC.' tested this way, the floating
fairing accounts for only 6.2 square feet of drag, and the fuselage, pylon
and BLC cylinder account for 17.6 square feet. The assembled configuration
FP 2 BLCFf without the boundary layer control in operation, shown by the
middle bar of Figure 17, has significantly more drag on both the rotor head
fairing and the fuselage-pylon assembly due to the large adverse inter-
ference between the pylon and A:.. fairing. The total drag of this config-
uration is more the larges cease b han the drag of the isolated chm-
ponents, with the largest increase being due th the fairing drag, which
more than doubles. With the boundary layer control turned or. to the
optimum operating point, shown by the right-hand bar, the measured drag
of the configuration (including an added raw drag as discussed under DATA
REDUCTION AND ACCURACY) drops to a value approximately equal to the sum of
the component drags. This indicates that the interference drag has been
substantially eliminated by use of the BLC.

In order tc make a fair assessment of the performance of the floating
fairing with boundary layer control, it is necessary to include an allow-
ance for the power required to onerate the BLC system. Assuming that a
75-percent-efficient pump and duct system is used, the drag equivalent of
the power required is 3.1 square feet; the power required at sea level at
M = 0.2 (V = 132 knots) is about 75 horsepower. Note that although the
aircraft engines have to supply this power to the BLC system, the main
propulsive device (the rotor in the case of a pure helicopter) does not
have to overcome the equivalent drag of the BLC power. For the case shown,
the propulsive requirement corresponds to a parasite area of 24.6 square
feet, not the total equivalent area of 27.7 square feet.

The effect of varying boundary layer control on the drag characteristics
of the floating rotor head fairing is presented in Figure 18, taken from
tests of a full-scale S-61 floating rotor head configuration (Reference 1).

This figure is presented in terms of the variation of the effective
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external drag and the total equivalent drag versus net thrust parameter, fu,
and is scaled tc the 79-foot-diameter rotor case by the ratio of fairing
f-ontal areas. The BLC net thrust parameter, f., is the calculated net
thrust of the boundary layer control jets ,`ivided by the dynamic pressure.
As discussed uider DATA REDUCTION AND ACCURACY, the effective external drag
is the drag measured by the tunnel balance plus the ram drag which was not
measured by the balance but which would exist on an aircraft in flight.
fhe effective external drag is the drag which must be overcome by the air-
craft thrust system. As the net thrust parameter is increased from zero,
the effective external drag decreases very rapidly up to an fL of approxi-
mately two square feet and then drops off more slowly at higher fu.

The total equivalent drag, the upper curve of Figure 18, is a measure of
the overall effectiveness of the system because it includes the drag
equivalent of the power required to drive the BLC system, assuming a 75
percent efficient pump and duct system. Most efficient operation of the
fairing system is at the minimum total equivalent drag, which occurs at
an f- of about 1.5 square feet.

The results of the model tests of the floating fairing with BLC are
qualitatively very similar to the full scale results. Figure 19 presents
external drag data for both wingless and winged configurations for the
range of test Mch numbers. As in the full scale case, the effective

external drag typically drops rapidly between a BLC net thrust parameter
of zero and two square feet, and then continues to decrease more sloaly at
higher f . Because of the large, high pressure air supply system used to
supply tte BLC jets, it was not possible to vary the BLC airflow during
the test in small enough increments to pinpoint the knee of the curve
accurately in all cases, but the family of curves is well defined. The
characteristics of these curves are what would be expected from a theoreti-
cal standpoint. The application of boundary layer control reduces inter-
ference drag by reducing the extent of separated flow in the area down-
stream of the BLC jets. Once the flow is attached in the region influenced
by the jets, no 4further reduction of model drag can be expected at higher
f, except for the apparent reduction of drag caused by the thrust of the
jet itself. If the actual external drag of the model were constant, the
slope of the effective external drag curve would be exactly minus one,
"i.e., one square foot of BLC net thrust parameter would reduce the effectivte
external parasite area by exactly one square foot. As can be seen, the
actual exnerimental slope of the curves at high f. values has an average
value of approximately -0.66. This result indicates that approximately
one-third of the BLC net thrust is lost, because of an increase in actual
model external drag beyond the knee of the curve. This effect is to be
expected because the BLC air flows at high speed in a thin layer adjacent
to the mode3 surface downstream of the jet nozzles, increasing skin
friction drag.

The general characteristics of the experimenta. effective external drag
curves in Figure 19 were used in establishing the total equivalent drag
curves, presented in Figures 20 and 21 for the wingless and winged con-
figurations respectively. For each case where the experimental data points
are insufficient to define the knee of the curve, the effective external



drag curve (lower line) is drawn through the available points with a slope
of -0.66 for ft greater than 2.C, and then faired to the cxnerimental
drag value at fl, = 0. These curves are the same as those presented in
Figure 19. The upper eurve for total equivalent drag is then constructed
from the lower curve in accordance with the analysis discussed under DATA
REDUCTION AND ACCURACY. Thus the fairing of the upper curve is not
arbitrary, and in fact the minimum equivalent drag is quite accurately
determined. In most cases the minimum point occurs at an f, of approxi-
mately 1.5 square feet.

The boundary layer control provided reductions in the total equivalent
drag of the floating fairing configurations at all test Mach numbers, with
the exception of the winged configuration at M. = 0.6, Figure 21d. It
should also be noted that for the wingless configuration at M = 0.6,
Figure 20c, only small reductions in drag were realized, and in fact the
minimum drag value was greater than for the unfaired rotor head configura-
tion. This result is believed to be due to the low critical Mach number
of the thick shapes which comprise the fairing systems tested and the
relatively large frontal area of the floating fairing, which was designed
to cover a "current practice" rotor head system. Careful design of rotor
heads with a view toward providing a low-frontal-area package would
alleviate this problem and will undoubtedly prove to be necessary if
efficient flight at Mach numbers greater than 0.5 is envisioned.

tUnder some test conditions a model shake phenomenon, associated with
cperation of the BLC jets, was encountered. At a test Mach number of 0.h
this shake occurred between f values of approximately 1.0 square foot and
6.0 square feet. At a test Mach number of 0.5 the shake occurred for all
non-zero f 1J. Although detailed investigation of the phenomenon was not
possible, Observations of tufts on the pylon during this shake showed a
slow (2-3 hz) oscillation of the flow over the aft portion of the pylon.
I'o particular cause could be determined. Operation of the model a: the
other test Mach numbers was smooth for all angle-of-attack and f con-
ditions.

Figure 22 presents a chart of horsepower required to drive the BLC blower
(pump) and duct system for the full scale aircraft as a function of flight
Mach number and altitude, for a BLC net thrust parameter f, of 1.5 square
feet, the approximate optimum operating point. Efficiency of -he nuzm-
duct system is assumed to be 75 percent. Power levels at high flight .!ach
nuirbers are substantial, but may be reduced considerably by flying at
altitude.

Further reductions in power might be obtained by using a larger BLO jet

area, which would reduce the jet velocity ratio required to achieve a given
jet momentum. Other geometric variables, such as location of the BLC jets
in another position or a different distribution of the jet exit area,
might also reduce Dower required. These possibilities were not expDlored
in this test program.

Observation of tufts on the model clearly shows the reduction in separation
with the application of BLC. Figure 23 shows the wingless model "-ith the
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floating fairing (configuration FP2BLCFf) with the BLC off and on at

M = 0.2. With BLC inoperative, the entire after portion of the pylon is
separated, and the flow over the aft fuselage is turbulent. With the BLC
system operating at an f1 of 5.6 ft 2 , the flow over the aft pylon has
attached and the flow over the aft fuselage is no longer turbulent. (One
damaged tuft on the aft pylon is not aligned with the flow.) A similar
pattern can be seen for the model with the floating fairing and the wing
in Figure 24 at M = 0.2. For f= 0, separated flow exists over the entire
aft pylon, fuselage, and wing roots. Operation of the BLC system at
fu = 5.1 ft 2 results in attached flow, although there is some turbulence
over the aft pylon. (Note again that one tuft is damaged on the aft
pylon.)

An important advantage of the floating fairing may be in the significant
reduction in turbulence aft of the rotor head. Most rotor head fairings,
including the rigid feiring tested in this investigation, reduce drag by
covering the rotor head with a shell which has less drag than an unfaired
rotor head, but which still has significant separation. This separated
flow tends to follow the aft pylon ard fuselage, causing severe turbulence,
reduced tail effectiveness, and possible "tail shake".

The pressure distribution over the pylon for the wingless floating fairing
configuration (FP 2 BLCFf) at a Mach number of 0.4 is shown in Figure 25 for
f = 0 and 8.8 square feet. Figure 26 presents the pressure over the BLC
cylinder for the same conditions. Operation of the BLC system increases
the pressure peak over the middle portion of the pylon and BLC cylinder,
and causes a greater pressure recovery on the after pylon and afterbody.
The pylon pressure distribution for the compound config[uration (FWP2BLCFf)
shown in Figure 27 is affected similarly. A reduced pressure drag on the

pylon is clearly indicated. Note, however, that the large negative
pressure peaks associated with attached flow over the pylon will reduce
the critical Mach number.

Trim and performance changes associated with possible loss of the BLC
system during high-speed flight are small, except for a possible change in
tail effectiveness due to the increased rotor head - pylon wake. The
variation in model lift, drag, and pitching moment with angle of attack
for the BLC off and on is shown in Figures 28 and 29 for the pure and
compound helicopters at M = 0.4, corresponding to a cruise speed of 265
knots at 4000 feet. The drag shown in these figures is the external drag,
which includes ram drag, but not the drag equivalent of pumping power,
since only the change in effective external drag affects the deceleration
of the aircraft. The trim and performance changes for the wingless heli-
copter, shown in Figure 28, should not be difficult to manage; the increase
in drag causes a deceleration of less than 0.1g, the increase in lift
would cause an upward acceleration of approximately 0.5g, and the decrease
in pitching moment could be trimmed by less than two degrees of elevator,
assuming the elevator control power derivative measured in 1/20th scale
tests of a similar configuration. For the compound configuration, Figure
29, the changes in lift and pitching moment are much less than for the
pure helicopter, and the change in drag is approximately the same as for
the pure helicopter.
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THE RIGID ROTOR HEAD FAIRING

The rigid rotor head fairing was designed as a smooth, minimum-area sealed
Scover which would have a significantly lower drag coefficient than the

exDosed rotor head. The performance of this fairing is summarized in
Figure 30 for -he wingless helicopter configurations. Experimental drag
values for the fuselage alone (F); the fuselage and pylon (FP1); the
fuselage, pylon, and infaired rotor head (FPIH2 ); and the fuselage, pylon,
and rigid rotor head fairing (FPlFR); are shown. The two dotted lines 5
labeled FPl+H2 and FPl+FR represent the sum of the drag of the fuselage-
pylon configuration (FPl) and tle bare rotor head (112) and the rigid
rotor head fairing, (FR) respectively. Since the drag of the rotor head A
was measured on the complete configuration (FPIH2 or FPIFR), the dotted
lines include the .nterference of the pylon on the rotor head. Therefore,
the difference in ýPI+H2 and FPIH2 is the interference of the rotor head on
the pylon and fusi.lage, and the difference in FPl+FR and FPlFR is the
interference of the rigid fairing on the pylon and fuselage. It can be
seen that the interference drag due to the rigid fairing is greater than
that due to the rotor head (except at M = 0.2), but since the drag of the
rigid fairing is significantly less than the drag of the rotor h.ead (about
5 square feet less at M = 0.4), a net reduction in drag of about 3.5 square
feet is obtained at M = 0.4.

Figure 31 summarizes the drag characteristics of the rigid fairing on the
configuration with wing at a orinstant angle of attack of -1.4 degrees,
corresponding approximately to the airfrae design lift coefficient at
M = 0.4. In this plot, the dotted lines represent the sum of the drag of
the fuselage-wing-pylon configuration (FWPI) and the drag of the rotor head
(H3) and the rigid fairing, (FR) respectively. As was the case for the
wingless configurations, the interference drag of the exposed rotor head on
the pylon and fuselage is less than that of the rigid fairing. At Mach
numbers up to 0.4, the rigid fairing provides a net saving in drag.
However, at a Mach number between M = 0.4 and M = 0.5, the drag saving
disappears and a drag penalty results at M = 0.5 and 0.6. This effect is
associated with the larger frontal area of the fairing and the negative
pressure peaks caused by the shape of the rigid fairing configuraticn.
Figure 32 presents the pressure distribution for M = 0.4 along the 600
section cut on the rigid fairing pylon (P 1 ) with no rotor head, with the
bare rotor head (H3), and with the rigid fairing (FR). The largest nega-
tive pressure coefficient, C= -1.28, occurs on the configuration with
fairing, FwPlFR.

Figure 33 presents the variation of the pressure distribution along the
'0° section cut for the faired and unfaired configurations with. wing,

FWPlFR and FIH3. The pressure recovery over the aft pylon for both con-
figurations decreases with increasing Mach number, although there is no
evidence of severe shock separation.

The variation in lift and drag with angle of attack of the wingless
helicopter with rigid rotor head fairing, configuration FPIFR, is presented
in Figure 34. Figure 35 summarizes the variation in lift and drag of the
winged helicopter with rigid rotor head fairing, configuration FWPFR.



WING

Figure 36 presents the vwriation in lift and drag for the isolated wing
at M = 0.2, 0.4, and 0.6.

The variation in spanwise wing loading for the compound configuration
tested is Dresented in Figure 37 for a constant angle of attack of approx-
imately 0.9 degree. Included in the figure is the calculated spanwise
lift distribution for a similar wing, Reference 5. The significant
difference in wing loading for the different pylon-rotor head configura-
tions indicates that the accurate determination of wing loading and wing-
fuselage lift sharing must be based on some more refined analytical
technique which would include the effect of a particular pylon and rotor
head. It is interesting to note that the increased wing loading for the
floating fairing configuration with BLC does not result in an overall
increase in lift. This is shown in Figure 29b. This is caused by an
offsetting decrease in the lift of the floating fairing due to the lower
pressures which exist over the bottom of this fairing with the application
of BLC. The decrease in lift for the wingless floating fairing configur-
ation (FP2BLCFf) with the -.pplication of BLC is shown in Figure 28b.
The wing installation used on this model, with a wing incidence of +8.5

degrees, was unsatisfactory due to premature flow separation which occurred
in the wing root area. Figure 38 shows separation of the tufts on the
wing root at a = 0.9 degree for the unfaired rotor head configuration with
wing, FhIPlH3 , at M = 0.2; note that the five rearmost wing root tufts are
not flowing along the wing surface.

The extreme pressure gradients in the wing root area make wing root fillet
and rear pylon design extremely critical if separation is to be avoided.
Figure 39 shows the chordwise pressure gradients on the wing for six of the
configurations tested with the wing. Generally, pylons and fairings in-
crease the maximum negative pressure in the wing root - pylon area. Figure
32 illustrates the effect of various rotor head configurations on the rigid
pylon pressures. The increase in negative pressure and in adverse pressure
gradients with application of BLC can be seen for the floating fairing
configuration with wing in Figure 27.

The interference effects on wing characteristics noted in these tests
suggest that the selection of wing location and incidence angle for a
compound helicopter should be made prefe:ably on the basis of systematic
experimental studies. Tests should include variations of wing root fillets
and pylon afterbody shapes, and model rotor heads should be as realistic
as possible, including joints and seals, in order to obtain flow conditions
representative of full scale operation.

!.ýACh NW-.SER EFECOTS

The effect of Mach number on the drag characteristics of the model con-
f i gurations tested is sumnnarized in Fig-ures 40, hl, and L2. Figure 40
presents the variation in drag at zero angle of attac.: for the configura-*
tion buildup of the wingless helicopter with the rigid rotor head fairing.



Figure 41 presents the same information for the wingless helicopter with

the floating rotor head fairing, and Figure 42 presents the effect of
Mach number on the winged helicopter configurations at an Lb/ of 292 ft 2 .
This is the nominal design cruise lift condition of the aircraft (67 per-

of the lift supplied by the wing and fuselage at a .ruise speed of
."nots and 8000 feet altitude).

T•i. .ncrease in drag with increasing Mach number is sunniarized in Table IV,
which presents the drag of each configuration at the five test Mach numbers
in terms of a percentage of the drag at M = 0.2. The slight decrease in
drag of several configurations at M = 0.3 is presumed to be a Reynolds
number effect. Included in this table is the variation of the Glauert
similarity parameter referred to M = 0.2 (6.2 = i - .22)/(1 - 14ý2)
which approximates the drag rise with Mach number of several configurations.A rough estimate of the Mach number effect on drag between M = 0.2 and

M = 0.6 can be obtained by multiplying the incompressible drag by
= l/%/i772.

The relatively large increase in drag of the compound configurations at
Mach numbers of 0.5 and 0.6 is due in part to shock stall on the wing
complicated by the presence of the pylons and rotor head fairings. Figure
43 presents the chordwise variation of pressure coefficient on the wing at
these Mach numbers showing the abrupt drop in pressure coefficient
associazed with shock stall on the upper wing surface at M = 0.6. it
should be noted that comparison of the drag of compound configurations at
constant L/q is not necessarily realistic, since the high-incidence wing
is developing too much lift for Mach numbers beyond the design cruise
point (M = 0.35).

The effect of Mach number on the pylon pressures of a typical configura-
tion (FWPI) is shown in Figure 44. This shows the decreasing minimulm

pressure coefficient with increasing Mach number, which was tyica! of the
results obtained.

EFFECT OF ROTOR HEAD RPM

During the tests reported elsewhere in this report, Zhe rotor :eads and
fairings were rotated at 1422 (100 percent) RPM, corresponding to a rotor
tip speed of 670 ft/sec. Rotor head and gross model drag were also
measured over a range of rotor head RPM from zero to 103 zercent. These
data are shown for various configurations with the ".nfaired rotor nead in
Figure 45, th-. floating fairing in Figure 46, and the rigid fairing in
Figure 47. Data are shown for zero angle of attack for Lhe wingless con-
figurations and 0.9 degree for the winged configurations.

Gross model drag for some configurations decreased sl-!::c•LI a h in-
creased from zero to 100 percent, possibly due to inproved flow conditions
behind tht: hub as a result of the "M.¶agnus Effect". However, in general,
-the data do not reveal any consistent significant effect of rotor h'ead
RPM on either the model or the rotor head drag.



COMPARISON OF F&IRING TECHNIQUES AND CORRELATION WITH FULL SCALE

A direct comparison between the floating and rigid rotor head fairings is
presented in Figure 48 for the configuration with and without the wing.
In both cases, the drag saving is referred to the uinfaired rotor head
-2ase - FPIH2 for the wingless helicopter and FWPIH 3 for the helicopter
with a wing. For the wingless helicopter, Figure l8a, Lne floating fairing
gives a maximum equivalent drag savings of about 5.5 square feet at a. Mach
number of 0.4. At the same speed the rigid fairing provides a drag re-
duction of about 3.5 square feet. Note that while the floating fairing
gives the largest drag saving at low speeds, it is more sensitive to Mach
number and causes an increase in drag relative to the unfaired head at a
Mach number of 0.6.

For the configurations with the wing, Figure 48b, the floating fairing and
Sthe rigid fairing are about equal at M =0.2,with drag savings of about

3.0 square feet. At M = 0.3, the drag saving for the floating fairing
appears to drop, possibly due to insufficient data. However, the measured
drag saving at M = 0.4 for the floating fairing increases to about 2.5
square feet, which is equal to the saving for the rigid fairing at th4.s
Mach number. At the test Mach numbers greater than 0.4, both fairings
provided no drag sav-.ng, due to the poor wing root junction and to the low
critical Mach number associated with high wing incidence installation. As
discussed previously, %these results at Mach numbers of 0.5 and 0.6 are not
considered to be indicative of the drag savings possible with a wing in-
stallation properly designed for these higher speeds.

A comparison of the results of this test for the wingless helicopter con-
figurations at M = 0.2 with typical parasite drag data for operational
helicopters is presented in Figure 49. It should be borne in mind that
the test configurations did not have properly simulated full scale pro-
trusions, antennae, contr-ol surfaces, etc. Most current operational
transport and utility helicopters have a drag coefficient factor Cf of
approximately 0.045, with more recently developed helicopters such as the
AH-1 and the S-67 apprzaching a Cf of 0.02, which has beer considered a
goal for modern, low-crag helicopters. The results of this test indicate
that this goal is realistic, and in fact it is quite possible that. it can
be bettered significaitly if care is exercised in the design of the rotor
head so that low-vol%:e, low-frontal-area rotor head fairings can be used.
Improvement in rotor .lead design would also lessen the detrimental effect
of Mach number on drag.

--4.-444, 4*



CONCLUSIONS

As a result of the tests described in this report, the following conclu-
sions have been drawn:

1. The floating rotor head fairing with boundary layer control (BLC) pro-
vided a drag reduction of up to 5.5 square feet (approximately 16
percent) for the wingless helicopter configuration, relative to an un-

faired rotor head, for test Mach numbers up to 0.4. These drag savings
include a penalty for -he pumping power required for the BLC air; the
actual effective external drag savings are greater. (9 square feet or
26 percent at a Mach number of 0.4). Because cf relatively large
frontal area, the floating fairing was not effective in reducing drag
at the maximum test Mach number of 0.6.

2. The rigid rotor head fairing on the wingle- configuration provided a
drag reduction of up to 4 square feet relat..ve to the unfaired case
at low Mach numbers, decreasing to about 2 square feet at a Mach
number of 0.6.

3. With the wing installation investigated, in a high location and at a
high incidence angle, the drag savings afforded by either the floating
fairing with BLC or the rigid fairing were reduced relative to the
wingless configurations because of adverse interference effects. At a
Mach number of 0.6, both types of fairing increased the drag relative
to the unfaired head.

4. Increasing Mach number caused the drag of all configurations tested
to increase. This increase can be roughly approximated by the in-crease in the Glauert similarity parameter, 1 = 1/4l,42, although the

drag of both the floating fairing and the winged configurations test-
ed increased more rapidly due to their low surface pressures and
correspondingly low critical Mach numbers.

5. The wing installation used in this test, with a high location on the
fuselage and an incidence of 8.5 degrees, was unsatisfactory in that
premature flow separation occurred in the wing root region. Because
of the extremely high pressure gradients in the region of the aft
pylon and wing upper surface, design of effective wirg root-pylon
junctions is critical, especially for high wing incidence installa-

L tions.

6. Wing loading and carry-over of wing lift across the fuselage is depen-
dent upon the geometry of the rotor head pylon area. Therefore, while
theoretical estimates of wing loading and wing-fuselage load sharing
are helpful for preliminary design, the load sharing characteristics
of a particular configuration should be determined experimentally.

7. Rotor head RPM had no consistent significant effect on either rotor
head drag or total drag.

19



8. Data obtained at various BLC operating conditions for the floatingfairing configuration indicated that accidental shutdown of the BLCsystem in flight should not cause serious trim changes to the aircraft.
9. The test results indicate that significant improvements in the dragcharacteristics of rotary wing aircraft can be achieved by carefuldesign and experimental development. The test data suggest that re-ducing the frontal area of the rotor head is particularly importantin achieving satisfactory fairings for high flight speeds.
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TABLET i. MODEL CC%.NENIT SULM"ARYA

SSymbol Configuration Figure

SFuselage With V-tail 3, 5, 6

W Wing 5, 7

P1 Rigid Fairing Pylon 5, 10 --

SFloating Fairing Pylon 5, 9

BLC Boundary Layer Control Cylinder 8
and Afterbody I

FR Rigid Fairing with 2-Foot-Diameter 4c
Blade Stubs

F Floating Fairing with 2-Foot-Diarneter hb

Blade Stubs

H1  Rotor Head, With Spacers, Without ha

2-Foot-Diameter Blade Stubs

H2  Rotor Head, With Spacers and ha
2-Foot-Diameter Blade Stubs

H3 Rotor Head, Without Spacers, With ha
2-Foot-Diameter Blade Stubs

S Rotor Shaft, Without Rotor Head 4a



TABLE II. MODEL CONFIGURATION S1e'IMARY

Tunnel Rotor Pylon and
Balance Balance Wing Tuft

Configuration Data Data Pressures Phojtos

F X

I ~ l x x x

FP2  x x X

FP2 BLTC X

FS x x

FF2  X X

FFR X x

*FFf x x

FPlH2  X x X

F~lFR x 1xx

"FP2 BLCHI x x

FP2 BLCF,. x x X x

w x xx

FWx x

zz x
WPj..x Y x

xx

F'-lP 2 BLCF- x x

I -_ __ ___L_
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TABLE III. MODEL COMPONENT FRONTAL AREAS

Component Frontal Area, Square feet

Model Scale Full Scale

Fuselage, F 1-630 125.5

Rigid Fairing Pylon, P1  .250 19.3

Floating Fairing Pylon, P2  .250 19.3

S~Rigid Fairing, FR

Rotating Component .282 21.7

INonrolating Component .063 6.4k

Floating Fairing, Ff

Rotating Ellipsoid .44o 33.9

BLC Cylinder .082 6.3

Bare totor Head, H1  .220 16.9

.2 .227 17.5

1H3 .215 16.6

Wing, W k..Lanform Area) 6.19 475

Rotor Shaft, S .059 4.5

244
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|I
TABLE IV. DRAG OF THE CONFIGURATIONS TESTED AT EACH TEST MACH NUMBER, AS

A PERCENTAGE OF THE DRAG AT M = 0.2; a = 0 DEG FOR WINGLESS
CONFIGURATIONS, L/q = 292 FT2 FOR CONFIGURATIONS WITH WING

Configuration Mach Number S.4
.2 .3 .4 .5 .6

F 100 100 100 1o6 113

FP1 i00 98 98 110 119
FP2  100 98 102 107 124

FP 2 BLC 100 - 105 - 1321FS 100 - 103 -

'7 100 102 105 106 115

FFR 100 99 100 106 120

YFFr 100 100 102 113 116

FPIH2  100 98 99 112 125
IFR 100 97 104 113 132

FP2 BLCH3  100 - 110 - 132

FP2BLCFf* i00 - 104 - 160
W 100 100 100 100 98

1W 100 97 99 103 113
FWP1 100 98 99 103 118

1FWH3  00 105 ý10 119 135

"FWPIH3  100 102 105 116 140

FWPIFR 100 100 1o6 126 -

FWP2 BLCFf* 100 107 107 - 163
Glauert** 100 103 107 114 123

* Drags 'qken at optimum f

** Similarity paramt-z referred to M : 0.2; rl41-22/ .fl-T
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Figure 1. Rigid Rotor i-ead Fairing Installed
on the Sikorsky -S-6ST Blackhaw.k.
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()Unfaired Rotor Head

Figure 4~. Model Rotor Head Configura-.ifl P~h'tographs. -
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M se

Rear View

Figure 8. Boundary Layer Cont-ol Cylinder avid Afterbody.
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FLOATING FAIRING PARASITE AREA

• FUSELAGE, PYLON , BLC CYLINDER PARASITE AREA

f: PARASITE AREA EQUIVALENT OF BLC
POWER REOUIRED (75% EFFICIENCY)

50-

ASSEMBLED

CONFIGURATION
40- WITHOUT BLC

3?4 FT2
W ASSEM BLED

SSUM OF CONFIGURATION
30- COMPONENT "

4 DRAGS
w 23.8 FT-

J 6.2 FT2 "T2

-20-

39 FTF

10-

0-

Figure 17 The Effect of Boundary Layer Control
on the Drag of th' Floating Fairing
Configuration F? BLCF,, M = 0.2,
a 0Deg. 2
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32 --

FULL-SCALE S-61 WIND TUNNEL TEST DATA,
SCALED TO 79-FT-DIAMETER ROTOR

28

24 - I -T EQUIVALENT DRAG

"20

.. DRAG EQUIVALENT OF
,I6 ,BLC PUMPING POWER

EFFECTIVE EXTERNAL DRAG

(BALANCE DRAG + RAM DRAG)
4

0 I 2 3 4 5 6 7

BLC NET THRUST PARAMETER , f FT 2

Figure 18. The Effect of Varying BLC Net Thrust Parameter
on the Drag Characteristics of a Full-Scale
Floating Fairing Model.
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(a) M =0.2

Figure 20. The Effect of Varying BLC Net Thrust Parameter on
the Drag Characteristics of the Configuration
Without Wing, FP2-BLCF-, a 0 Deg.
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(a) Boundary Layer Control Inoperative,
f t 2  Reproduced from

best available cop.
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1,b] Boundary Laver Control Oper-ating,
fu= 5 z6 ft2.

Figure 23. Tuft Photographs. Configuration K-P2 BLCFf',
M 0.2, a 0 at Various f,,
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A'2

APPFND.IX I

BALANCE DATA AND MODEL OPERATING CONDITION TABLES

TABLE V. DATA SUMMARY FOR CONFIGURATION F

TEST CONDITIONS TUNNEL BALANCE DATA
M qPSF *.DEG L/q, FT2  f, FT2  PM/q,FT3

62 -14.7 13.9 115o
.2 56.7 2.0 -9.4 13.2 405V
.2 56.6 4.0 -500 12.4 684.92 5508 6e1 -1.3 12e3 957e
.2 55*6 801 401 12.? 1119.
.2 55.4 10.0 12.5 13.A 1312.

22 56,1 12e1 24o6 14.8 1406.
02 57,0 150 43.6 1087 1512.
S2 56,1 -,1 -1409 INS- 129.

-2 57.4 -2o2 -20.6 1406 -110.
2 5600 4-3 -28.3 15.0 -288.
.2 56.5 -6.2 -37.9 17.6 -395.
.2 5700 -8.•4 -46. 19.5 -4590
o2 56.9 -10.04 -59.0 23.9 -551.
.2 57.0 -12.4 -68.3 3126 -807.
@2 5701 -152. -82.3 3216 -0700
.2 57.0 -15.fs -82.6 42*7 -993.
.2 55.8 -. 1 -15.7 13.? 118.
e3 121.5 -01 -14.7 13.6 133.
o3 122.9 -00 -
.3 122.6 4.1 -5.2 12.2 699.
.3 122.1 6.0 -.8 1202 939.
.3 12205 7.9 3.7 12.2 1189.
.3 121.8 ,0 -
s3 124.5 11.9 22.7 1.4 1456.

93 126.3 -. 1 -15.0 13.6 133e
.3 12498 -2.3 -21.2 14.6 -122.
.3 123.7 -493 -2805 15.6 -296.
.3 12.1I -6.3 -37.7 1701 -421.
.3 123.0 -8.3 -48.7 19.3 -507,
.3 123.4. -10.4 -60.6 2201 -566e
.3 123.2 -12.4 -67.1 30.0 -825.
.3 122.9 -. 1 -14.6 13.5 1290
.4 211.7 0,1 -1407 13.8 142.
.4 212.3 2.0 -9.7 13.2 4180
.4 213.6 3.9 -5.2 12.4 674.
.4 211.9 6.0 -93 12.3 939.
04 210.8 8.0 4.6 12.5 1196.
0. 212.7 -.0 -15.0 13.7 148.
.4 212.0 -2.3 -2103 14.9 -124.
.4 210.1 -.o2 -?8.0 15.9 -300.
.4 209.5 -. 3 -36.7 17.5 -4,3..4 210.5 -8.2 -46.6 19.7 -560.
.4 213.3 -o2 -1501 14.0 127.
03 123.3 2.0 -10.3 12.9 400.
.3 124.7 1001 12.7 12.9 1334.05 315.8 -.0 -13.9 14.5 152e
05 314.5 2.1 -9.0 13.7 430.
.5 314.3 300 -6.5 13.2 557.
.5 310.9 3.9 -4.2 13.3 688.
05 314.t 6.0 105 13.1 934.
o5 314.5 -00 -114.0 1468 152.
.5 316.6 -2.2 -20.5 15M6 120o05 314.1 -11o3 -2801 17,2 -329.
95 31504 -3.3 -24.1 16.5 -234.
05 311.0 -6.2 -36.0 19.1 -5050
.5 315.8 -03 -1408 14.6 126.
.6 425.0 -. 3 -14.3 16.7 96.
06 424.9 1.0 -11.2 16.4 266.
.6 424.1 2.0 -8.7 16.0 406e
6 423.•4 3.0 -5s8 15.5 547.

06 423.1 4.0 -3.1 1409 6864
e6 425.1 -,0 -13.6 16.7 114.
.6 424.3 -1.2 -1606 1?.5 -51.
.6 429.7 -2.2 -19.2 18.4 -172o
.6 424•4 -3o3 -22.8 19.4 -308e
.6 426.1o -404 -2506 21.0 -48.
.6 426.o -.2 -11.6 16.9 42.
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TABLE VI. DATA SUMMARY FOR CONFIGURATION FP1

TEST CONDITIONS TUNNEL BALANCE DATA

M q,PSF aDEG L/q,FT2  f,FTz PM/q.FT 3

!6.•6 -. -13.0 15.0 10s.7 2.1 -7.% 14.2 360.
.• 56:6 4 p -2.4 13.83 5960.•

.2 5r.* 6:0 4.0 13.8 734.

.2 C. 1 7.43 A.q 14.4 Iola.

. 2 54 .3 1n.0 17.f. 15.9 1155.:
.2 54.3 IP.2 ?Q-9 17.4 1239.

• 2 56.Q lS.P 47.0 ?1.4 1374.

P "'.6 .0 -12.6 13.9 117.
.2 56.1 -2.3 -1•.• 15.0 -113.
•? 56.r -4.2 -26-0 15-9 -244.
. i2 5r50 -6*3 -37.2 17.8 -328.
•2 -.S .3 -- 7. 19.4 -351.
.2 b-6.5 -In.' -5'-4 27.6 -444.

• 7.q -12.4 -67.7 %2.9 -620.
• .o -15L& -•f.3 39.6 -826.

• 5t•. -. 1 -IP.I 14.3 107.
12U:2 -. ! 12.c; 114.4 109.

.3 1;?.8 1.0 -7.7 13.7 355.
.3 1i2.• L.0 -2.3 13.3 614.
.3 12'.q .4 13.9 832.

.3 124.5 P.O R.5 14.2 1033. -5

.3 12%~.p IlhC 16.5 14.8 120P.
:3 121.9 12.0 24-0 17.4 1324.
•3 127.6 -.n -12.3 14.3 118.
.3 123.1 -2.4 -2q.1 '!.1 -133.
•: 124.0 -:.3 -26.-a l.0 -273.
.1 12%.C -0.? -36.7 17.2 -361.

.3 24 -. 3 -&&7.7 19-.5 -426.
•. 123.8 -10.' -56.1 26.8 -608.

.3 12-':7 -12.- -67. g itz. -692.

.4 212.5 -00 -20.6 1409 412.
04 211.1 2.1 -170. 14.4 762e
:4 213.• •01 -1100 1305 939.
•4 211.3 6.2 -2.7 13.7 1099.
:4 207.5 8.0 5.8 1402 1199.
.4 213.7 -.1 -20.8 14.3 4190
:4 212.1 -2.2 -24.7 15.6 980
.4 209.3 -4.2 -3405 16.5 290

.4 210.5 -6.3 -49.7 19.7 117.

4 212.9 -8.3 -56.5 22.8 -81.
.4 214.0 -$2 -20.2 1495 365.
.5 316.7 -.2 -17.7 15.7 2810
.5 314.4 2.0 -15.0 14.8 6640
.5 314.4 301 -12.8 14.6 831.
.5 316.0 400 -10.6 1406 944.
.5 310.0 5.9 -2.6 1%.3 1056.. .
.5 316.5 -. 1 -16.2 1504 263.
.: 313.3 -2.3 -21.1 1605 -45.
.5 314.9 -3.3 -219*9 17*2 -149.

.5 312.5 -%.3 -28.6 17.9 -228.
O5 31502 -6.3 -36.5 2093 -390.
05 327.6 -.0 -12.8 15.? 1440.
.6 421.9 -t0 -11.5 1804 63.
.6 423.1 .9 -8.6 17.6 181.

.6 422.0 109 -6.6 17.3 337.

.6 422.3 3.0 -2.6 17.3 451.

.6 425.4 4.0 .4 17.5 575.

.6 424.5 -.0 -10.4 18.4 599

.6 42296 -102 -14.6 18.8 -42e

.6 420.7 -202 -17.6 19.6 -205.
06 422.0 -392 -20.8 20.3 -322.

.6 421.4 -4*3 -24.1 21.1 -451.

•.6 420.6 -.0 -1105 1682 79.

'1
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TABLE VII. DATA SUMUMBdY FOR COUIFIGURATIOIN F?2

TESi CONDITIONS TUNNEL BALANCE DATA

r.M qPSF aDEG L/'r,.FT' f,FT 2  PM/qFT5

.2 56.9 -. 1 -9.5' 15.5 9. ~
02 56.7 1.9 -4.0 1404d 257. ý

.2 56.4 a4.0 1.2 14.5 508. -

.2 56.9 6.0 6.0 14.5 706.

.2 56.3 861 13.0 15.1 900. $
*2 5702 10.1 20.7 16.5' 1084.

.2 56.9 12.1 29.0 17.8 12386.

*2 57.1 15.1 196.3 21.9 1379.

* 2 55.6 .0 -9.0 15.1 25.

.2 56.3 -4.3 -22.7 16.5' -3600.

.2 57.0 -6.3 -32.2 17.5' -470.

.2 57.2 -8.2 -4109 19.1 -56*.

.2 56.6 -12.*3 -67.6 26.7 -563.

.2 57.1 .10.3 -55.0 22.1 -w7e

.2 56.6 -15.5' -61.8 36.5' -953a
o2 56.0 -.0 -9.0 14.5 I8.

.3 123.1 -00 -9.0 15'.? as

.3 123.3 1.9 .1104 la.02 238.

.3 125.0 1400 101 14.5' 496o

I 3 123.2 6.0 6.6 14.5' 717.

.3 119.3 ee1 12.7 15.1 919.
o 3 123.9 lo.C 20.5 15.9 1095.

.3 124.7 12.1 2A.6 17.5 1256

93 125.m3 -2.2 -16.5' 15w5 -225'.

0 3 126.2 -4.3 -23.2 16.3 -385.
9 129 6 -32.7 17.6 -517.

.3 124.2 -8.5' -5'3*5 19.5' -605.1

.3 124.3 -804 -43.1 19.4 -611. V

.3 124@3 -12.4 -66.s 26.3 -7379

.3 12596 -.0 -9.8 14.08 -119.

.3 126.2 -.04 -9.9 23.0 37.

.4 210.2 -03 -10.3 15.6 -22.

ex 215.7 2.0 -3.9 14.3 241.

.4 214.2 b.0o 49 14.0 *80.

.5' 211.7 5.9 6.3 14.6 710.

.4 211.8 0.0 12.9 14.9 923.

.5' 206.1 -2.2 -16.3 16.2 -229.

.5' 212.6 -4o.2 -23.3 16.8 -393.

.4 211.41 -6.3 -32.3 18.0 -530.

*.4 211.2 -8.3 -42'2.' 20.5' -.6460

.5' 210.1 -92 -10.0 15.2 -15.

e5 315.3 -.2 -9.8 16.2 -9. 1

.5 314.5 1.9 -3.8 15.6 223a

.5 313.1 3.0 IS7153 358.

e5 310.8 4.002. 1593 4770

.5 314.6 6.0 .115.6 698.

.5 315.9 -2.3 -16.4 17.0 -233.

.5 316.2 -3.3 -19.6 1795 -335.

*5 314.3 -4.3 -23.8 18.3 A*25.
.5 1*S -6. -31.5 19.7 -1-85.

es 316.1 -.3 -10.2 16.3 -20.

.6 4121.6 -.3 -9.5 19.0 -43.

.6 423.8 .9 -5.6 18.0 103.

.6 423.4 2.0 -2.6 17.8 238. 1

.6 1422.6 3.0 -.1 17.4 350.

.6 4240.I 4.0 3.0 17.6 1470.

.6 422e6 -1.2 -12.9 16.9 -153.

.6 423.1 -2.3 -16.2 I 19.6 -274.

.6 423.5 -3.5' -19.9 I 20.1 -394.

.6 421.6 -4o3 -23.2 1 21.3 -484.

.6 423.3 -00 -8.9 18.5 -16.



TABLE VIII. DATA SUMMARY FOR CONFIGURATION FP2 BLC

TEST CONDITIONS TUNNEL BALANCE DATA

2i

M q, PSF caDEG L/q, FT2  fFT2  PM/q, FT3

.2 6195 =g0 -2197 17.6 40.7

.2 61.2 1.9 -16.3 17,4 698.
a2 62.5 4.0 -8.2 16.8 848.
s2 61.9 5.9 -1,3 17.6 955.
*2 62*5 -2.94 -25.2 17.3 126.
•2 61.6 .4*4 -37.8 19.4 122.
.2 6391 -6.5 -4oQ9 2095 118.
• 2 61.8 -a0 -20.8 17.6 4114
•4 215.9 -.0 -18.9 18.1 362.
.14 215.9 2.0 -1764 18.1 748.
•4 213.2 u,0 -11.1 17.9 960.
.14 216.4 6.0 -3.7 18.3 1108.
•4 218.8 -2.1 -23.2 18.0 90.
,4 215.5 -4.1 -325kS 19.6 -23.
.4 215.9 -6.1 -"480 21.8 142.
.6 1429,5 -.0 -13.7 23.0 1649
.6 429.1 2.0 -8.3 22.6 4369
.6 429c6 £,00 -2.3 2296 670.
.6 429.8 -2.0 -19.1 23.8 -97.
96 427.6 -"401 -2594 25.7 -3414
s6 430.1 .0o -11.7 23.0 104.
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341.

TABLE IX. DATA SUM.ARY FOR CONFIGURATION FS

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q,PSF a ,DEG L/qFT 2  fFT' PM/q,FT 3  N,RPM fRHF• 2

.2 58.2 -. 0 -10.6 18.7 189. 1422. 3.2
o2 57.7 2.0 -10.7 17.8 691. 1422. 2.9
.2 57.6 4.0 -6,R 17.1 970. 1422. 2.3
o2 58.2 6.0 -1.3 17.2 1159. 1422. 2.2
*2 53.0 8.0 7.5 17.3 13014 1422. 1.6
.2 57.3 1o.1 17.q 18.2 1418. 1A22. 1.4
,2 57.5 12.1 28.9 20.0 1510. 1422. ,6
s2 57A4 15.1 50.4 24.2 1609o 1422. 1.1
.2 57.2 -2.0 -1"49 19.4 -26o 1422. 4.2
*2 56.9 -4.0 -20o9 20,4 -208. 1422. 4*7
.2 57.1 -6.1 -31.5 21,5 -299. 1422. 5.0o,2 56*5 "8,1 -52o3 '? k.2 10. 1422e 5o3
-2 56.8 -10.1 -55.5 -'9,3 -288. 1422. 5.0

.2 57.6 -12.1 -62.3 35.9 -642. 1422. 5.3
,2 58*0 -15.2 -7S.2 1J12 -1012. 1422. 4.7
.2 57.5 -s0 -7.9 18,3 226. 1422. 1.7
.2 56.9 -*0 -8sfl 18.2 230. 711M 1.7
.4 215.6 -.o -11.0 19.1 185. O0 4.2
.4 213o2 -. 0 -11-0 19.0 181. 71. 4.*2
.4 213.2 -*0 -11.1 18.9 173. 1422. 412
o14 213.7 2.0 -6o2 18.1 478o 1422e 4.1
,4 211*.4 4.0 -S.O 17.5 852. 1422. 4.0
*4 20969 6,0 -3.1 17.1 1207. 1422. 3o9
.4 208.4 8.1 5.3 17*6 1384. 1422o 3.8
o4 211.5 -2.1 -16.4 19.7 -64. 1422. 4o.2
.4 215.0 -4.0 -23.2 20.8 -257o 1422o 4.9
*4 212.9 -6.1 -32.4 22.0 -380. 1422o 4.7
.4 213o5 -3.1 -42*7 24-5 -497e 1422o 4.7
,4 212o5 -. 0 -lo.o 18.9 181. 1422. 4.2
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TABLE X. DATA SUMM.ARY FOR CONFIGURATION Fri1

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q, PSF a.,DEG L/q,FT2  fFT2  PM/qFT3  N,RPM f.FT2

.. • .u -15.4 -ckf.7 537.9 -8010 1422* 18.5
12 b7.v -12.? -70.7 51.7 -448. 1422. 18.3

.2 d.? -10.• -63.9 44.5 -159. 1422. 17.5
.2 -5.2 -8.1 -58.7 40.0 88. 1422. 17.3
. t)6.3 -1 -.I -4Q.*4 36.2 254. 1422. 17.5
.2 -4. -35'.U 34.4 224. 1422. 17.6
.2 %.7 -2.81 -•1 33.0 2399 1422. 16A•
.2 -.6j -19.5 .52.1 512. 1422. 16.2

.2 o04.0 -.- -18.4 32.2 473. 711. 16.9

.a 2-* -1k.5 32.5 501. 0. 16.1

.2 bb.9 2.u -17.2 31.2 889. 1422. 16.6

.2 bs.4 4.1 -10.2 31.0 1101. 1422. 17.3

.2 b7.9 6.u -2.b 51.0 1281. 1422. 17.3

.2 . 8.e 8..1 5.4 31.5 1395. 1422. 18.2

.2 5d.0 10.1 15.7 32.9 1487. 1422. 18.5

.2 b7.- 12.1 27.1 34.4 1556. 1422. 18.1

.2 58. 15.1 46.5 38.9 1684. 1422. 19.7

.3 ,2.0 12.1 26.0 34.9 1618. 1422. 19.0

.3 12=. 10.1 14.3 32.7 1520. 1422. 18.1

.3 Lz7.7 8.u 3.4 .11.7 1417. 1422. 18.1

.5 e.'l 6.v -5.1 31.3 1314. 1422. 17.5

.3 A0.5 4.4. -17.1 31.1 1142. 1422. 17.4
.3 127.0 2.ou -16.9 31.7 883. 1422. 17.5
.3 12'.8 -. u -- IR.d 12.6 489. 1422. 16.9
.3 ,26.d -2.1 -25.2 53.0 264. 1422. 17.5
.3 A26.3 -4.1 -35.9 54.2 230. 1422. 17.2
.3 L20.2 -o.1 -49.b 35.5 290. 1422. 17.2
.3 12?.. -8.1 -5q.9 5fl.7 176. 1422. 17.7
.3 j.a 4 -10.1 -67.b "'.5 -218. 1422. 18.4
.3 .!7., -12.2 -72.4 49.3 -419. 1422. 18.1
.4 .1b.b -8.1 -56.9 42.4 3. 1422. 17.9
.o e15.1 -b.l -48.6 38.1 195. 1422. 18.1
.4 el•o0 -4.1 -32.9 35.7 71. 1422. 17.6
.4 414.9 -2.t -23.9 34.1 211. 1422. 17.6
.4 e 3to -1..9 3304 453. 1422. 17.6
.4 c14.0 -. u -ln.9 33.3 480. 1422. 17.6
.4 Z15.0 -.0 -18.6 33o3 437. 711. 17.6
.4 e15.1 -. 0 -17.9 3 1 .9 434. 0. 16.6
.4 .14 . 2.U -15.4 32.7 789. 1422. 17.7
.4 e1A44 4.l" -12.9 32.1 1241. 1422. 18.0
.•4 c14.3 6.1 -6.7 32.0 1356. 1422. 18.2
." e14.9 8.0 2.2 32.5 1495. 1422. 18.2
.5 316.t 6.u -A.7 53.9 1407. 1422. 19.0

4.% 16.1 4.' -1.6 34.1 1000. 1422. 18.9
3.5 16.4 3." -8.9 34.5 810. 1422. 18.9

.5 316.7 2.u -1p.8 34.7 650. 1422. 18.7

.5 J15.9 -. 1 -15.7 35.3 355. 1422. 18.7

.5 A17.5 -2.u -21.3 36.4 129. 1422. 19.0

.5 315.4 -3.u -2s.0 37.4 23. 1422. 18.9

.5 317.1 -4.1 -p"*3 38.1 -72. 1422. 19.1

.5 316.u -b.1 -37.6 40.? -216. 1422. 19.4

.6 4;2.r -4.U -26.2 42.3 -158. 1422. 20.4

.6 424.? -7." -23.1 41.3 -46. 1422. 20.4

.6 '2.o 2." -20.6 4O.7 79. 1422. 20.2

.6 -'22.6 -1.u -16.9 39.6 210. 1422. 20.3

.t .23.1 -.fl -14.4 39.1 343. 1422. 20.3

. 1 422.ý -. u -14.3 39.1 337. 711. 20.3
.6 -023.a -0.1 -11.8 37.4 327. 0. 18.6
.b '.a.' 1." -11.7 38.6 480. 1422. 20.5
.b @-2.9 2.u -.. 0 38.4 613. 1422. 20.8
*6s -$;-3.b 5.3.t -6.0 38.49 747. 1422. 21.0
.b %24.3 4.1i -3.3 37.A 874. 1422. 20.9
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TAILE X:. DATA SU!.UVAr , a": --:'A: "2

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q,PSF a,DEG L/q,FT2  ,FT2  PM/q,FT 3  N.RPM .fRH,FTZ

.2 58,7 -15. -87.8 62.7 -793. 1422. 20.5
2 5a.b -12.2 -03.2 52.9 -470. 1422. 15.0

.2 58.4 -10.1 -66.5 45.7 -169. 1422. 20.0
.2 58.1 -8.1 -59.2 40.3 120. 1422. 19.1
.2 57.6 -6.1 -42.0 36. 8 -45. 1422. 18.8
02 57.6 -4.1 -29.0 35.1 5. 1422. 17.5
•2 58.5 -2.1 -21.2 34.0 179. 1422. 17.3
02 59.0 -. 0 -15.6 32.9 434. 1422. 17.7
.2 58.5 -. U -16.5 33.1 436. 711. 17.6
.2 58.5 -. 0 -15.6 32.3 430. 0. 16.8
02 58.3 2.0 -15.2 32.2 882. 1422. 17.3
.2 58.6 4.0 -10.3 31.9 1102. 1422. 18.0
.2 58.7 6.0 -2.2 32.0 1292. 1422. 17.6.2 58.2 8.0 7.s 32.5 1425. 1422. 16.0
0.2 58.3 10.1 18.0 33.9 1512. 1422. 19.1
.2 59.5 12.0 29.5 35.1 1556. 1422. 18.9
.2 58.5 14.1 45.9 39.0 1712. 1422. 15.8
.3 L26.i 12.1 18.7 35.6 1619. 1422. 18.9
.3 127.1 10.1 16.4 33.1 1537. 1422. 18.0
.3 126.9 8.0 5.3 32.4 1438. 1422. 17.6
.3 L27.2 6.0 -3.7 32.2 1323. 1422. 17.4
.3 127.0 4.0 -11.2 32.1 1132. 1422. 17.2
.3 126.9 2.0 -13.7 32.6 767. 1422. 17.3
.3 26.4 -,0 -16.6 33.3 419. 1422. 17.3
.3 126.7 -2.1 -21.9 34.1 162. 1422. 17.6
03 126.7 -4.1 -29.7 35.3 -28. 1422. 17.6
.3 126.3 -6.1 -41.1 36.8 -98. 1422. 18.2.3 JL26.1 -801 -54.7 39.0 -94. 1422. 18.1
.3 1,27o.- -10.2 -71.2 43.4 7* 1422o 19.1
.3 128.2 -12.2 -72.3 49.4 -458. 1422. 19.4
.4 16.7 -8.1 -50.6 40.6 -264. 1422. 19.1
.4 214.9 -6.1 -40.1 38.2 -181. 1422. 19.1
.4 e.15. 4  

-4.1 -2q.6 36.8 -.71. 1422. 18.9
.4 414.9 -2.1 -22.2 35.5 115. 1422. 18.7
.4 -14.9 -. 0 -16.7 34.4 378. 1422. 18.5
.4 e14.9 -. U -16.b 34.2 368. 711. 18.5
.4 013.9 -. 0 -17.3 35.7 389. 0. 19.7
.4 914.1 2.u -11.7 33.6 672. 1422. 18.6
.4 d1.1 4.0 -7.4 33.2 965. 1422. 18.7
.4 415.0 6.1; -5.1 33.0 1338. 1422. 18.7
.4 e10.3 8.u 4.U 33.2 1493. 1422. 18.5
.5 314.3 6.1) -. 1 34.8 1211. 1422. 19.7
.5 $16.1 4.0 -3.9 35.4 903. 1422. 19.6
.5 314.1 3.U -7.? 35.5 785. 1422. 19.7
.5 .314.4 2." -10.4 36.1 646. 1422. 19.4
,5 -15.6 -. tI 15.2 36.4 350. 1422. 19.6
.5 315.u -. 0 -15.2 36.5 351. 1422. 19.6
.5 J16.9 -2.0 -19.5 37.R 47. 1422. 19.6
.5 316.b -3.0 -23.1 38." -69. 1422. 19.8
.5 )15.0 -3.1 -'3.2 38.4 -76. 1422. 19.8
.5 315.7 -4.o -27.1 38.8 -170. 1422. 19.8S.5 J1s.o -6.1 -I. Q3.8 -337. 1422. 19.9

.6 .4.2 -4.u -?3.b 43.2 -274. 1422. 21.2.6 -23.3 -3.0 -1ta.9 12.5 -192. 1422. 21.1
.6 . -2.11 -16. 42 -66. 1422. 21.1

.6 'Q2. 9 -1.0 -13.1 41.3 58. 1422. 20.,

.6 %22.1 -. 0 -19.5 40.8 203. 11422. 20.9

.b 422.3 -,I -lfl.b 40.2 193. 711. 20.5,6 •1.3 -. 0 -. 1n.4 41.9 205.O. 21

.6 422.i 1.,) -7.3 39.9 325. 1422. 20.8

.6 .22.9 2.0 -3.o 40.0 444. 1422. 20.9

.0 .2..7 3.t, -1.0 39.6 575. 1422. 20.9

.6 421.z -- 1 1.3 39.5 744. 1422. 21.0
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TABLE XII. DATA SU.IIARY FOR CONFIGURATION FH3

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q,PSF aDEG L/qFT* f,FT2  PM/q,FT 3  N, RPM f Fl'

.2 S7y7 -. 9 -11.4 S3.0 262. 1422. 15.1

.2 57.0 2.) -8I. - 32.6 2197. 10622. 14.6

.2 5o.n 1400 -?.3 '52.4 3560. 1422. 14.9

.2 56.3 6.n ?.7 32.3 t062. 1422. 14.7
•2 6 ::o-c -13.q 33.2 268. 1422. 1".3
• ? ý17 -ft -1 U.0 13*1 273. 1422o 1493

.2 56.7 2.0 -R.3 32-5 517. 1422. 14.6

. 2 540Q 4.0 -;,$ 32.6 750. 1422. 14.9

.2 5606 6.9 ;.6 32.7 987, 1422. 1497
• 55.4 Ron 11eq 33.5 1231. 1422. 14*1
. s s.0 jot.n 14.1 34.8 1429. 1422o 15*3

.2 5 6.5 12.1 29.6 36.1 1495. 1422. 16.1

.2 56-9 14.5 44.5 39.1 1575. 1422. 16.3

.2 54.7 -. n -13.7 '3.1 271. 1422. 14.3

.2 57.9 -- O -14.5 33.1 274. 711. 15.0

.2 57.9 -. 0 -14.3 32.8 267. 0. 14.2
o2 5R.0 -2.0 -1Q.° 33.9 51. 1422. 15.0
.2 57.2 -3.6 -27.2 34.7 -120. 1422. 15.3
.2 S6.8 "6*1 -14.1) 36.2 -246e 1422. 16#1

.2 54.8 -8.1 .4Qo. 38.3 -337. 1822. 16.8
P 57. 1 -t9.2 -62-p ts0.7 -371. 1422. 17o2

.2 56.7 -12.2 -76.3 44.4 -434. 18.22. 16.3

.2 55." -15.2 -90.4 51.6 -527. 1422. 17.9

.3 124.7 -10.2 -61.o 40.8 -432. 1422. 17.5

.3 12S.3 -R.1 -.49.7 3S.0 -383. 1422. 16.8

.3 124.0 -0.1 -34.3 16.2 -277. 1822. 16.6

.3 125.1 -4.1 -253- 34.9 -159. 1422. 16.4

.3 12407 -2.0 -21.1 33.8 38. 1422. 16.4

.3 124.8 -. 0 -14.5 '3.1 268. 1422. 16.1
-.3 124.6 2.0 -9.2 32.6 508. 1422. 16.2

.3 121.2 4.0 -3.4 32.1 780. 1422. 16.3

.3 12441 6.9 1.q 32.0 993. 1422. 16,7

.3 124.5 R.0 R.5 32.6 1222. 1422. 16.7

.3 124.5 19.0 16.1 33.6 1450.' 1822? 16.6

.4 209.5 a.c 0.7 33.3 1270. 1422. 17,6
.4 20 07 6.1 ?-5 32.7 1063. 1422. 17.6
.4 208.8 :.1 -3.7 33.0 793. 1822. 17.8.

.4 207.8 i.0 -0°6 13.5 553. 1822. 17,3

.4 2P-1.9 -. n -15.o 33.9 289. 1822. 17.2

.4 20q.7 -. n -15.5 13.7 288. 711. 17.0

.4 2nl] -.. p -15.3 33.7 288. 0. 17,2

.4 20R.8 -2.1 -21.4 -4.6 59. 1822. 17,2

.4 20Q.1 -4.1 -V4.6 35.7 -135. 1822. 17,3

.4 290.q -6.1 -34.2 37.2 -278. 1822. 17.8.

.4 208.3 -S.l -8..R 39.2 -388. 1822. 17,7

.5 304-0 -6.1 -36.6 39.7 -324. 1822. 18.7

.5 307.u -4.1 -24.2 37.6 -153. 18.22. 18.5

Cs 307.4 -P.0 -21-.' 36-2 51. 1422. 16.5
.5 Vfq.2 -. 0 --4.q 15.5 295. 1822. 16.4
.5 30q.5 2.0 -9.9 35.1 562. 1822. 16.6

.5 305.1 4.0 -3.5 3501 829. 1822. 18.5

.8; 3n7~.7 A..'V 2.4 34. 7 1084. 1422. 18.5
•.6 413.5 U.0 -?of) 3*0.2 839. 1822. 19.9
. 412.0 ?.o -7.7 3d.5 563. 1822. 19.9
.6 413.1 -. 0 -13.5 39.5 288. 1822. 19.8
.4 '414.2 -. 0 -13.3 39.1 283. 711. 19.5
.4 412.6 -. 0 -12.7 400.4 285. 0. 20.8
.4 412.1 -2.0 -19.? 40.5 25. 1422. 19.8
.6 41109 -4.1 -Vf.7 42.3 -214. 1822. 19.7

.5, 414.6 -. • -13.3 19.5 283. 1822. 20,0
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TABLE XIII. DATA SW 1MARY FOR CONFIGURATION FFR

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA
N q PSF a,DEG L/q,FT2  f,FT2  PM/q,FT3  N, RPM fRHFT

.2 58.0 -. 2 -A7.6 58.7 -15570. 1422. 19.3

.2 59.0 -15.2 -Rq.9 55.3 -859. 1422. 19.3

.2 50.9 -13.e -7Q.8 46.8 -596. 1422. 15.0

.2 59.2 -10.1 -9A.2 40.2 -501. 1422o 17.5

.2 58.9 -b.1 -'•.1 37.5 -452. 1422. 16.1

.2 58.3 -6.1 -33.1 35.5 -370. 1422. 15.5

.2 57.9 -4.0 -Po.8 34.3 -230. 1422. 14.7

.2 b7.6 -2.u -14.4 32.8 "-60. 1422. 14.6

.2 57.6 -. u -7.0 31.8 147. 1422. 14o4

.2 56.0 -. u -6.9 30.S 144. 711. 13.7

.2 53o4 -.'J -6.1 28.9 140. 0. 12.9
o2 57.b 2.u 1.2 31.2 424. 1422. 14.5
.2 58.2 4.0 7.1 30.9 653. 1422. 15.4
.2 58.b 6.U 11.6 30.6 848a 1422. 16.1
.2 56d7 8.1 '1.8 31.7 1061. 1422. 16.1
.2 57,3 10.1 12.0 32.9 1257. 1422. 17.1

57.9 12.1 4P.3 35.3 1421. 1422. 17.8
57.2 15.2 62.2 38.R 1600. 1422. 1.7*

3 &24.7 12.1 41.5 34).0 1450. 1422. 17.5
.. 24 10.1 M.o4 31.9 1265. 1422. 16.9
.3 A24.9 8.1 ;1.0 30.q 1070. 1422. 16.2
.3 126.b 6.81 13. 30.4 876. 1422. 15.4

bo6.7 4o.8 6.6 30.5 66". 1422. 14.9
o3 *k6.2 zoo -.0 30.7 421. 1422. 14o7
.3 126.1 -. -6.7 31.3 165. 1422. 14.3

o3 i27.1 -4.U -"2.7 32.7 -232. 1422. 14.9 S
.3 z.o -6.1 -33.5 354. -368. 1422. 14.9
o3 2.2 -8.1 -4%.4 36.5 -471. 1422. 15.903 126.0 -10.1 -5811 39.5 -533. 1422. 16.9

.3 i2b.u -12,d -73.0 43.2 -576. 1422. 17.2
.'4 lb -8.1 -44.8 37.8 -491. 1422. 17.3.4 e13.5 -6.1 -33.5 35.5 -375. 1422. 16.6 Io4 e13.0 -4.1 -23.2 34.0 -229. 1422. 16.4

.4 413.-, -2.U -14o3 32.7 -.49; lq22* 15.9
4 e14.3 -. U -6.6 31.8 171. 1422. 15.8.4 e13.7 -o.0 -7 31.5 176o 711o 15.4

o •,e13.1 . -7.4 30.0 172.O 12

o4 e12.0 4.0 6.7 31o0 681. 1422, 16.0.4 12.2 6.1 14.1 31.1 906o 1422. 16.2
.4 e14.1 8.1 21.8 31.6 1104o 14229 16.5

. 311.? 6.0 15.2 33.4 956. 1422. 17.1
5 314.7 4.8' 7o9 32.9 694. 1422. 16.8
.5 314.0 3.0 4.3 33.2 566. 1422. 17.1
.5 J14.1 2.0 .8 33.4 433. 1422. 16.8
oi >14o.- -oil -6.2 33.9 185. 1422. 16.8
.5 )13.7 -2.1 -14.5 34.9 -51. 1422. 16.9
.5 a15.o -3.u -18.0 35.4 -140. 1422o 17.3
.5 S13.5 -4.U -_V.o 36.4 -235. 1422. 17.5

313.6 -. 1 -32.7 38.6 -1456o 1422. 17.8
b 423.4 -4.U -P1.0 41.9 -287. 1422. 19.6

.o 422.2 -3.0 -16.3 40.5 -186. 1422. 19.2.b ."20.3 -2.'; -12.3 39.5 -68. 1422. 18.9

.6 422.8 -1.(l -F.1 38.9 45. 1422. 19.0

.6 423.0 -. 88 -4.3 38.2 166. 1422. 18.9
,6 423.6 -.U -4.4 38.2 159. 711. 18.8
06 *22.7 -. u -5.9 37.9 164o 0. 18.3
.6 421.0 1." -. 7 18.4 291. 1422o 19,0
.6 ..z2.0 2.,, 3.1 38.2 426. 1422. 18.8
06 420.9 .%1 6.6 37.2 825. 1422. 18.7
.6 421.0 4.0 Q.6 36.7 692. 1422. 19.0
.6 .19. 3.u 6l.1 37.2 558. 1a2. 18.8

1i1



TABLE XIV. DATA SU134AY FOR CONFIGURATION FFf.

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M I qPSF a ,DEG L/q ,FT2  fFTZ PMIq ,FT3  N, RPM f F'
SA.6 -15.2 -104.2 48.2 -1059. 1422. 18.2

.2 91 1 -12o2 -86.3 36.3 -778. 1422. 15.2

.2 ;Q.2 -10.2 -66.6 32.9 -686. 1422. 1492
o2 15R.3 -A.1 -53.. 31.3 -581. 1422. 12,3

"026.2 -3.% '>8.7 -450. 1.22. 11.4A
.2 5s.1 4l.1 -26.11 27.7 -301. 1422. 10.7
.2 ,4.3 -2.0 -14.6 1b.2 -110. 1422. 9,4
.2 54.0 -.0 -6.n 25.6 82. 1422. 9.1

• 2 5q*. -on -USs 24.8 99, 711. 3,4
.c;. 146-* q* .2 950 O* 7*6

. 2 5q01 2.0 4.3 25-2 324. 1422. 902

.52 ..7 1.0 14.3 205 572. 1422. 917
6.2 .1? 6.1 23.9 :1.8 773. 1422. 9.6

.32 1.7 8.1 33o9 26.0 946. 1422. 11.5

.P -)0.7 10.1 450• P.6 1139. 1422. 1108

.32 Co.0 1P.2 6o0 %0.4 1281- 14122. 1.86

.32 bo3 tu.& ?1k; 3409 1495. 14422. 1504

.- 125.0 12.2 Moo 9.7 1330. 1422. 1401

.3 127.0 10.1 46o7 -7o4 1159. 1422. 1105
I3 1P406 Rol 31-2 6.60 1007- 11$22. 1007
.3 12P.1 6.1 23.4 4.7 795o. 1822. 1000

t 127o7 IG ]1%. 6 607. 18.22. 914
.3 13'.02 4-. - 6 - 1422. 91.
.t 214.5 -. 0 13R. 24.5 586. 1422. 904* 3 V27.0 2.0 4*3 14.4 356. 18$22o 9o5

*4 12,oc -. 0 -560 :75o2 120. 1822. 808
on 127.5 -2.9 -1.1 75.5 -113. 18.22. 9.2

1 21'.2 -t.l -2s.a 76.9 -294. 1422. 9

*u 1fl.8 --. 0 -34 ?9 -451. 14221. 9.1
03 214.1 -- -34.4 2V.8 -151. 1422. 9.9
43 12A.9 I.0 -. ol 54.9 37-.57 18.22. 11.2
it 127._o -0" 1.41 32.. -609. 18422. 120
.4 270. 61P.2 -74.0 74.8 6782. 1822. 1303
. 2134.5 .1 -5-.f I5o8 -612. 1422. 11.1
5 o5 -31.3 1641 28-0. 78.8 -459. 1422. 1025

.5 21M.2 -4.1 -16.1 '7.5 -290. 14822. 10.0

.4 210.3 -2.0n -1%.7 2578 390. 18422. 916

.4 212.5 -. 9 -9;. 7593 122. 1822. 913

. 21n. -2.0 -31.R 8.69 1170. 711. 901

.5 314.1 -. 1. -17.a 29.0 1192. . 901

.4 213.9 Z1.0 4om P4-9 375o 18122o 905

.I 215.7 -*.0 13-. 30.3 609. 1422. 917

.4 215.5 6.1 -34.n 2438 846. 18.22. 10.4

.4 21-1.e7.1 2558 1036. 1422o 1104

.0. 3132. -3. 21." 4.8o4 894- 14122. 12.9
o.; 311;.2 4.1 1Q.1 27o5 633. 14z22 1201

.5 31475 31n 12.3 57.. S12. 1%22. 1230

.% 314o3 -. 0 9.7 370. 390. 1%22. 1108
4; 31308 o0 -. 3 37.9 132. 1422. 1102

.6 31o.6 -2.0 -16.5 :8.6 -1043 1422. 1101

.5 315.3 -3.0 -2. 33.8 19. 022 11,4

.0 315.4 -1.0 -2301 10.1 -323. 18.22. 11.3.s 315.S -6.1 -3404 M1.7 -498. L%22. lies
A ?0 -•l:§ 1.0 -17*I '%5o5 -376. 1#422. 130•

0'. 41.2 2.0 -11.8 32.7 -30. 18.22. 15.2

.A 42.91 -2.1 -5. 32.92 129. 1822. 13.9
S 421.3 -1.0 2.1 '3.5 0. 1422. 1641

A.• •?q1 *" S*3 33.3 130o 1422. 14,2-6 ts016 .0 607 '1300 127. 711. 1492•

S.4 C&2,.o onq. 33.8 191. 00 14,00
. r f&2:5.1 1.0 1004 32.7 253. 1%22o 1%.7

•4 4 1.2 200 15.4 12.7 390. 1%22o 1592
., 4 21.9 %. 1 ?I1o• 32.9 512. 1422. 1506
.0 4 ?to3 Is*1 2s5*t 13-b 63,2. 1%22. 1602

1E



TABLE XV. DATA SUMMARY FOR CONFIGURATIO4 F'?H 2

TEST M•nOITIONS -. NNEL BALANCE DATA ROTOR DATA

M ,DEG L/aFr' f,FT2  TPM/q,FT' NRPM fR.FT2

:2 g -00 -22.: 33.5 538. 1422. 13.6
.2 2.0 -16.0 33.0 817. 1022. 13.9

.5.. 0.0 -9.2 32.5 960. 1422. 13.1
:2 58.9 6.0 -1.r 33. 1093. 1122. 13.0

.2 59.3 8.0 7.0 33:5 i118. 1022. 13.1

.2 58.5 1001 18.5 5.6 1295. 1122. 13.6
*2 60.9 12.1 20.3 37.0 1337. 1422. 10.2
.2 50 16:6 •o1 43,9 AS47. 1422. 14.9
.2 5::71 -0 -422. 33.1 i 330. 1422. 13.7

*2 58.9 -z0 -22.5 33.0 * 550. 711. 13.6
2 50-9 -. 0 -21-3 32 , 528. 0. 12.9A

. 60. -15. -250 3 33.9 0223. 1 022. 13 .7

.2 59 2.8 201 -37.4 32.6 266. 1022. 16.2

.2 58.2 -6.1 -5.5 32.2 1272. 1022. 16.2

.2 160 8. -5806 373. 187. 1022. 10.9
2 5.9120 -10.0 17.3 •1o 101. 1022. 16.9

.3 1 09 1 2. - 29. 37 2 1 3 . 1 2 . 1 .

.2 58.3 -12.2 -. 1.6 30.0 -38. 1022. 1.78

.2 5806 ::1 -22:? 33.2 556. 741. 10.0
.3 127,8 -02 -20.1 33.8 221. 1022. 15.7

.3 125.0 -20 -1750 32.7 813. 1022. 17.3

.3 126.6 -80. -9,5 328: 1003. 1022. 17.6

.3 12659 6-0 -0.2 3 62 1-81. 1022. 19.2

.3 126. 7 8.0 7. 51 33. 2 1239. 1 022. 1 5. 6

.3 0 1 020 17.7 35,. 13625. 122. 16.6
I5 212.9 .02 201 3702 1239. 1422. 13.7

.3 2125.7 -.1 -22.1 34.0 569. 1022. 16.0

.• 1230. -. 1 -2 .2 33.3 -27. 711. 1 5.7
. 212.15 6.0 -20.3 32.6 501. 0. 1357
0 122.7. -021 -24.9 303. 221. 1022. 1569
.3 126.7 -.01 -33.0 34.9 210. 1722. 16.9
.0 125.2 -6.1 -0.39 37.0 283. 1022. 1750

""0 15.3 -. 0: -60.7 30.9 190 1022. 176:
. 12509 0.02 -7212 3260 951 1022. 16.6
.03 125.9 -12.02 -6.2 36.2 105. 1022. 1972
.3 12617 -0.0 -215 3302 555. 1022. 17.3
• 21% 6 ::O. -8., 30.1 296. 1022. 16:2
5 21259 *-.5 -6,6 34.5 292. 1022. 16.0

• 3214.2 2.0 -75. 36.0 1250. 122. 16.0

:5 215.6 3.0 -506 33.5 -81. l022. 16.0
.5 2130.8 60 -0.2 35.6 1276. 1022. 1.57
5 3212: 60 -3. 3571 -468 1:22. 16.6

.5 215 .7 -:0 ,- 6, 346.3 321 1 022. 16 .s

.5 216.5 -.0 -6.3 3.13 320. 711. 16.0

.5 215.2 -.0 -8.3 30.9 286. 0. 1508

S 3 2155 -2.0 -.0 7 34:7 333. 1022. 1675
25 315.6 -3.0 016 3.0 91005 1022. 16.6
25 215.1 -6.0 -1673 38.3 1059. 1022. 17.3

.3 2112:. -600 -13.2 00.6 1395. 122. 17.7

: 5 21 3. 7 - .0 . 67 3 6.3 2 29 . 1 022. 16.2
65 315.6 -. 0 -6,P 3617 222. 1022. 1678

S 31S03 . 210 s0.9 3610 107. 1022. 16.6
. 3S.96 32.0 -550 60.9 123. 1%22. 16.6

:6 31.4 T .0 -307 3509 81. 1422. 1.65
5 316. 02 '8 00 -322 3507 19. 1022. 16.6
.S 310.7 -. 0 -6:3 36.6 221. 1022. 16.8
0S 316 05 00 -653 3601 220. 711. 16.7

3. 01.3 -. 0 -r6.03 30.2 216. 0. 16.7
.6 31023. -2.0 -8.0 37.3 333. 1422. 17.1
.6 2 5.60 -3.0 -8.1 3.2 20. 1022. 18.9• 5 31S.6 -. ,O -c• 4; 386 4 76. 1422. 17.4

1 022. -6.0 -1o2 .O6 33656 1022. 17.7
:5 313.7 -0 -6.5 36.7 229: 1422. 16.8

o6 1123.1 :. -*.% 0541.5 211. 1422. 17.9

o6 023.2 1.0 -4.6.1 127. 1022. 18.0
.6 023.6 2,0 -. 8 .019 167. 1022. 18.6
: 6 421.0 3-0 -3-3 40.5 150. 1422. 17.6
06 e2 .8 Is 00 e 135. 1#622. 17.5

• 246.2 too -s,3 :01,1 2041. 1es22. 18.1
06 3.6 -,0 -5,2 *1.: 203. 711. 17.9

42 '.•3 -.0 -ft.0 40.7 172. Oo 16.7
06 423.8 -2.0 -7.0 852,9 263, 1422. 18.5
.6 423.2 -1,0 -6.1 42.3 227, 1422. 18.5
.o6 024.2 -3.0 -8.1 43.2 294. 1:22:. 1::.8
.•6 :22.3 -4.0 -9.2 44.,4 333: 1 22. 16
.06 1245.6 -*0 -4.-p 41.6 191. 1422. 18.6



TABLE XVI. DATA SUMMARY FOR CONFIGURATION FPIFR

TEST CONOITIONS TUNNEL BALANCE DATA ROTOR DATA

M q.PSF eDEG L/q.FTS  fFTz PM/q.FT3 NRPM fl

.2 59.9 -. 0 -2.9 '9.1 53. 14,22. 12.1

.2 59.0 2.0 -4*0 29.5 660. 1422. 13.1

.2 e .. 0 1.4 '6.6 872. 14.22. 13.3
S2 59.1 6.0 11.13 9.6 1030. 1422. 114.1

.2 5s.7 - .1 1.0 30.9 1132. 1422. 15.0

.2 5 1. V 1 1. 31.7 12.2 1266. 1422. 17.2

.2 57.,. 12.t 42.2 3S.2 1329. 1422. 17.2

.2 5.6 1'-7 98.t 382 138. 1422. 19.6

.-2 5•.3 .0 -.7. 29.5 151. 1422. 11.4

.1 5-.6 -. 0 -. 3 28-5 14.3. 711. 10.5

59.5 -. 0 -3.6 '6.6 1162. 0. 8.3

.2 59.3 -2.0 -9.3 30.4 -70. 14.22. 10.6

.2 59.9 -41.0 -18.0 30.6 -194.. 1422. 10.9

.2 59.7 -6.1 -28.5 31.7 -269. 14n22. 11.7

.2 7 -52.6 U.? 132. 1422. 11.0

.2 57.1 -1W-2 -65.5 37.8 43,- 1422. 10.1

.• -2 58.1 -12.2 -71.6 41.7 -61. 14.22. 10.3

.2 57:5 -15.2 -94.2 52.6 -34. 14.2. 10.1

.' 57.3 .. IQ -2:. 30.3 14.7. 14.22. 11.4.
.3 12'46 -. 0 -4.1 29.9 1t.s. 1422. 9.9

" "3 129.7 2.n -S.V 29.1 678. 11422. 10.7

.3 12.5 4*i -. 3 P8.7 681. 1422. 10.9

.3 12s.9 :.0 9.5 29.2 1036. 1422. 11.6

6.3 12-2 6.0 17.4 30.6 1150. 1422. 12.7

.3 124.1 10.1 24.3 32.1 1279. 14.22. 13.4.

.3 125.6 12.1 %1.9 I5.9 1363. 1422. 14.9

.3 12.2 -. 0 .. 3 P9.5 134. 1422. 10.2

.3 120 -. 0 -4..6 28.3 162. 711. 9.9

:.S 126.-3 -. fl -6.41 'a.9 1%.6. 0. 9.5
•3 127.0 -2.0 -11-3 29.3 -4.6. 1422. 9.6

.3 126.1 -4.0 -19.4 30.7 -202. 1422. 9.3

.3 126.1 -6.1 -29.3 32.1 -265. 14.22. 9.1

.3 126.. -6.1 -%.2.3 -3.6 -331. 1422. 9.4• 3 124.0 _;98.1 -61.9 36.9 34. 14n2. 9,4

". " 12k.3 -1. 2 -79.3 - - 1422. 2.6

.3 126.1 -12.2 -77.5 %1.4 -62. 14.2. 9.6

• . 213.6 -. f --. 6 31.3 15S. 14"22 10.0

.4 213.0 2.0 1.6 31-6 421. 1422. 10.5

.. 211. s. Its 305 666 14.22. 11.1
.. 2124.3 6.0 7-2 309 1095. 1422 11.9

• 213.7 9.C 15.9 32.3 1231. 1422. 12.5
.4 21%.3 .0 -4%.2 31.2 14.9. 14.22. 10.2

211-.3 2.0 .4 30.7 430. 14.22. 10.6
. 214.1 -. 0 -5.2 N0.9 151. 711. 10.2

.e 21B;o **0 4:•7 3qO 163. 0. 11.8

213.6 -2.0 -12.1 31-3 -S4. 14.22. 9.7

.. 214:.2 -,%:? -20:(. 31.6 -210. 14.22. 9.6
213.7 -6.1 -30.6 33.7 -313. 1422. 9.4

. 21%.0 -6.1 -42.2 35.1 -390. 1422. 9.3

214.9 -. 0 .s.2 30.6 140. 14.22. 10.2
:s 314".5 -. 0 -4.1 34.2 135. 1422. 10.9

.% 313.7 2.0 2.5 33.8 370. 1422. 11.4.

.5 313.6 3.0 5.6 33.9 502. 1422. 11.6

.15 31%:s 4. . 34..2 64.3. 14n2. 12.0
.5 31%.4. 6.0 143. 33.9 914. 1422. 12.7

.S 311.6 .0 -4.4 33.4. 133. 14.2. 10.9
S 33.7 .0 -4..4. 33-S 143. 711. 10.6

A5 314A.2 -. 0 -4.7 32.7 160. 0. 10.5
:% 314..? -2.0 -11.9 3%3.7 -63. 1422. 10.4.
•$ 315.3 -3.n -1%3 1% 0 -ISS. l14.2. 10.3

.5 312.3 -41.0 -20.2 34.4* -237. 14.2. 10.0
.5 31.0 -61 294. 36.3 -366. 14.2. 9.9

.5 313.1 -0 0 -'.6 33.9 14.2. 1422. 10.9

. %21%.2 .0 -1.: 8.0 115. 1422. 12.6

. 4.23.' 1.0 1.6 39.6 241. 11422. 13.0

.6 422.2 2.0 4.7 39.4 352. 1422. 13.3

. 4.22.7 3.0 9.3 4u.2 4165. S1.2. 13.6
.6 421.5 .0 11.7 39.9 500. l14.. 1t.0

.6 %22*. .0 -1.7 39.9 11-. 14.22. 12.7

.6 %.22.5 -. 0 -2.6 39.2 121. 711. 12.3
.4 4&22.3 -. 0 -3.2 37.7 lOS. 0. 9.1 A

.6 s.4.5 -1.0 -5.1 a0.4 7. 14.2. 12.2

.1. 4.23.0 -2.0 . 40.6 -106. 14.22 12.1

.6 4.22.1 -3.0 -13.5 .1.4 -207. 1ot. 11.9

.6 2p22.( 46.0 -1,.3 42.0 -310. 14.22 11.7

.06 4.22.2 .0 -1.89 39.9 104, 14. 2 .



TABLE XVII. DATA SU1M4ARY FOR CONFIGURATION FP 2 BLCH3

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q,PSF a,DEG L/q ,FT 2  f,FT2  PM/q,FT 3  N,RPM fRH,,FT2

*2 .5* -o.f) -50 34.9 1196. 18422. 184.6.2 57.8 ;.n -12.3 A5.5 839. 1422. 14.6
." 54.9 u, n -84.9 9ab. 1422. 15.2S2 SA,5 %. 0 2 03 1%5,6 2136. 1422* 14,6
o2 58.8 R.n 10.6 36.0 1226. 1422. 14.9p 56,8 -. n -16.2 35.7 563. 1422. 140.3
-.2 .q -. -¶7.a 35.1 547. 711. 15.0
•2 !-R.' -. 0 -17.3 36.6 539. 0. 15.8
.2 F!Mo -2.C -1to* 35.2 187. 1422. 14.8
.O 50.8 -fi.I -25.n 35.0 b2. 1422. 15.9
Op2 •.5 -6.1 -4r.7 33.1 27n. 1422. 16.3
• r-9.5 -A.1 .54,O 38.5 175. 1422. 17.5
.p 54*3 -.Q -16o5 34. 0 8485. 18422. 12.8.4 211.9 -. n -184.8 37.8 3bb. 1422. 15.7
.4 213.0 2.0 -12.0 37.5 701. 1422. 15.7
• 211.2 84.0 -0.3 37.5 1020. 1422. 15.8

2 211.2 6.9 -I.A 37.5 1200. 1422. 15.5* 4 211.8 -. o -11.7 33.1 336. 1422. 15.6
Ott' 21n.4 -. n -114.4' 7,4 372. 711. 15Ar
•'; 211.7 -. 0 -14.7 19.9 360. 0. 17.1
• 211.5 -. n -2n.p r3*8.7 t04. 1422. 15.8
• 212.9 -84.1 -A7.6 A8.8 -61. 1422. 16.0
.4 212.4 -6.1 -3q.R 11.7 -94. 1422. 16.1
• 211.8 -. n -184.5 37.9 3615. 1422. 15.6
• 8417.5 -. n -R.0 45.6 15". 1422. 17.1
• 6 417.P p.n -2.* 845.4 420. 1822. 16.9
.6 416.9 4.0 3.1 45.6 679. 1422. 16.7
.6 416.3 -.0 -f.84 45.9 212. 1422. 17.1
56 843.1 -. 0 -0.0 45.3 189. 711. 16.7
.6 4!6.C -. 0 -R.O 84-,.4 173. 0. 17.4
.6 416.P -2.0 -15.4 46.7 -41. 1422. 17.2
.6 416.7 -4.n -P2.3 47.9 -271. 1422. 17.4
.6 416.7 -. 0 -4.6 84.0 199. 1422. 17.0

115



TABLE XVIII. DATA SUMMARY FOR CONFIGURATION FP2BLCFf.
" TEST CONDITIONS .TUNNEL BALANCE DATA ROT.OR DATA

_A .__. Lq_ _T DEo lq.FTZ PM/q fs NRPM f1 p,.FT

.2 $7.0 i . 0 . -5.7 3r-,.3 . 7, r. -- Z. ,5.6

.2 55.1 Ea: .0 502. 3 r -,. - 371 1:•. t:. :6.,
S.2 5%.. 8.-" .0 5S.6 V7.3 V3 r, .3 1'2. ":Z.- :6.e

/j-.2 57.2 .1 .0 31.a 37.. r... 37.7 -. :, q L22 -•.

.3.0 3.6 r3 r..3 37.3 -i. -. .3.e
.2 57.7 -8* .2. 3-6. -55.0 ..2 57.8 -1.9 .0 25.0 6-,, 35.'- 3e.L -• "; -.

.2 57.5 .0 .0 33 35 .. -022."2 1..

.2 57.5 -8.0 .0 -5.1 3.2 !4.2 39.2 -1:.. -.. .

.2 57.6 .1 0 30.6 37.i 1.9 33.f -63. :'43 :2.9

.2 57.9 . 5.6 -:.2 .- :.$ 31.. - "l 9

.2 58.3 .0 5.5 -z-9 1.6 .. 3.6 .3. 0 i

.2 57.9 2.0 5.5 9.e .6.: 2!%' 3$.. 33. 32

.2 57.0 L.. 5.6 .5.2 1'., 2.. 35.3 -"

.2 56.T 6.1 5.6 ZT.i ".:. Ž3.:. IS - 3: -. 135. -. 9

.Z 57.2 .0 5.6 A :8.9 ::.: 5.9 -

.2 56.7 -2.0 5.6 -9.3 19.9 e

.2 57.2 -3.9 5.6 -W..3 30.9 36.9 -6.. :Q.92 ..

.2 57.5 -6.: 5.6 .31.2 21.! :3.9 95.8 -8•. :-ŽŽ 0.7S.2 V-.2 -5.1 5.5 '-~ 2L., 21..3:. - 1,12 11.

.2 57.2 .0 5.6 :. 29.: Z. •3 h.. -3.3. !.22 1.e

.2 57.2 -. 0 20.9 -3.:. 7.6 33.i .. L.7 -Ir. 1: 5.3
•-%: ~~~~.2 57.6 -. 0 2:.9 - 1. .3, ql ;"•l .i• 1 .

.2 57.3 -. 0 20.9 -7.9 5.3 :.: -5Z2. - 3.-

.2 56.9 -2.0 20.9 -_J.0 7.7 :1.5 2.2 - .-7. "-22 • .C

.2 57.5 -,.- 20.9 -21,.C 5. :2.0 115.3 -816. :"22 7.t

.2 5"..7-o 20.9 -35.7 9.3 3.5 1.8 -95!. :7 .

.2 57.4 -5.0 20.9 -52.8 ll.! :5.6 :0.9 -o. :z.

.2 57.0 -10.2 20.9 -69.8e :.5. -9. c:2S. 3 :.

.2 56.9 -:2.2 20.9 -8. - 2.9 :36-3 -:5.. 333: 75.

.2 56.8 -15.-3 70.9 - 209..7 2.2 3-.9 :21.3 ..::1•,. 3.23 21.?
• .3 12.3 ,0 9.0~ -'.. 7.T .-7.6 5C.!" •% :• ;:•

.3 123.0 2.0 9.0 --- 1 'J.. :3.: .,. 2!:. 1:22 .

.3 122.k 4.0 9.0 :6 .2 -2.3 .q 5^.. 52-,. V-12 I.1S.3 "22.,s i.0 9.0 762 :L.7 --. ' •.i 7!-.". :2" •
S.3 122.1 . 9.0 S-.i

.3 :23.6 .X 9.0 -Z..3 3.- .- 3.-

.3 125.0 -2.0 9.0 -21.:. 1t.2 .1.3 .Lz.

.3 323.9 -%.1 9.0 -33., 16.5 1. 52;, -27. : 7.7

.3 123.6 -6.- 9.0 -:7.: :7.- :¢.- 53.0 3.-. :'- .

.3 :23.: .2 9.0 -i2.1 :2.3 32.. ." 3. 2-.:.3 .

.3-1 221.6 .1 .0 338 2.5 .2.1 . ~ .'. 13

.t 209.6 X . .0 3,.6 12.3 -0. :.:.- -. Z.. :,.'

.L 209.8A . .0 46.5 L3.5 :5.?. 13-M ~
• 210.6 6.. .0 51.2 -3.0 -.1.0 ,3--
.1. 209.,4 . .0 4: 2.A %2.1 ".. f.

j. 209.6 . . 3.7 12.2 .2. -Z1 --22

.1 209.1 .1 .0 30.2 .42.7 -1.7 -V.3. ... 2
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TABLE XVIII - CONCLUDED

TEST CONDITIONS TUNNEL BALANCE DATA ROlDR DATA

M q,PSF aDEG f ,FT 2 L/q.FT2  D8AL/qFT2 DXT/q-FT2 Dro/q,FT PM/q.FT3  N,RPM fRH, FT2

'.L 2-0.0 -4.o .0 :3.' ',2.3 L"2.3 "2.3 -L"f :1.22 26.9

.4 2'".6 -5.9 .0 -. 9 L:.2 12.2 "2. -. :'22 16.6

.4 209.1 .. .0 32.1. -2.5 12.-5 12.5 -,:1". -422 :8.2

3.4 207.1 .0 8.8 -L.6 "< .. 1122 5.i
.4 208.6 2.0 .8 -: . . . .-22 5.0
.- 207.8 !,.0 8.8 7.2 :. :.•-;." 5f;. i"22 5.c

L1. 205.3 6.0 8.8 :'7.L 15.L. L9.2 _.L. i122 5.0
L. 208.7 .0 8.6 -:0.5 :c.o 18e.9 a9.8 0.. -"22 5.6

S.L 208.7 .0 8.8 -:2.3 11... 1.8 99" 7-1: L.9
.. 209.9 .0 8.8 --i.. i1." :7.1. 1.8.1 9. 0 L.5
.4 209.5 -2.0 8.8 -21.7 :6.3 1-9.3 10. -:c9. "1-22 6.0
.• 209.1 -.. o.% -33.6 -.. 20.7 . -2(5. :.22 7.0
.L 206.7 -6.1 8.8 -1-.. 9. 22.6 -13.c -37.. :122 .9

.4 207.7 .0 8.8 -1:.3 :6.2 !9.0 :9. f:. 1L22 5.t

.A. 222.0 .0 8.1 -6.8 20.7 .- t1." :::. :'22 e.5

.' 222.1 .0 9.9 -8.8 16.3 19.6 5.6 86. 1422 7.8

.L- 222.7 .0 11.7 -9.7 -5.2 . 6... 7.t X

.5 309.L .: .0 3'.. 15.33 L5.- .5.3 -:25. !122 :9.2

.5 310.4 2.1 .0 L2.1 -1-5.6 L..6 "5. -. 11"22 20.3

.5 310.9 3.. .0 Le..5 c .5.5 - L.5 c5-.5 -106. 11.22 2..2

.5 310.0 .1 .0 34.6 15.2 -5.Z -5.2 -:2•6. 1"22 ;9.2

".5 310.8 .1 .0 35.1 ";-9 "1.-9 1.1 -- 17. 7:: :9.2
-5 309.6 .1 .0 35.9 45.: 1-5-1 1..: -:2. 0 18.9

.5 310.1 -4.o0 .0 :.5.6 1..5 L .~ 5 --1.:L2: :7I.c

.5 311.8 .9 .0 31..6 1A.. 1...- -:22. -:.L: :9.2

.6 417.3 .1 .0 38.2 1.9.9 "9.9 -.. L2 -::. :2" 20.3

.6 413.6 . L . 2 26.3 ".3 1.'-.2 '.L22 -1 1.22 :6.5

.6 413.3 .1 2.: 23.- 30.- L.2.2 --.:15.

.6 L14.3 .0 3.8 :1.9 3L5.0 Z. -. :7

.6 413.5 . 5 5.5 ::.8 3-.- 3.5 55.; -. '. 1 .6.8

.6 .15.3 2.1 5.5 29.5 3S.3 . .* . .". :-.2 17

.6 LI.16.9

.6 1t L.0 -2-. 5.5 :.; 33'. .- 5" -' . -2 .3

4 1.

.6 L .



_ _ - - _r

TABLE XIX. DATA SUMMARY FOR CONFIGURATION W

TEST CONDITIONS TUNNEL BALANCE DATA

[M q,PSF aDEG L/qFT2  f, FT" PM/q,FT3

96 417.6 -10., 57.9 ,.3 -307o

I 6 416.0 -8.2 138.6 5.' -276.
*6 '18.7 -6.1 211.7 9.2 -216.
*6 21207. -30. 295.i 15.2 -124.
.6 2120.3 -16 371.6 23.3 -25.0
06 421.1 -. 246.5 33.6 153.

7 2120.5 -7 297.5 33.3 150.
1 1314,2 -20o5 -6.5 3.4 1352.
.t 5 31.76 -8.2 1270.7 '.9 -255.
05 311.9 -6.0 203.9 5.0 -208.
. 312.8 -3.8 270.2 13.8 -134.

o53 12,16 -12.5 -17.0 20.7 -446.

.3 113.5 -. 413.0 2951 -2 .3
9 315.02 208 175.4 39.0 212.
es 315.10 -3 506.21 2.19 -86.,
. 3 12,.9 -7 51300 56.1 1105.
4 31,3 6 16.2 2915 73o
3 21.20 -107. 50.8 35. -2693.

:3 21,.3 9.02 120.5 6.7 -267.
. 213.0 -610 191.6 7.9 -205.:l 213.1 03*9 263.6 12.6 -139o

. 212.5 -1.7 329.7 19.0 -265.

. 215.3 0. 390.1 2 3.6 216.0

. 213,5 28 161.8 36.6 156-23
.2 51357 6.8 109.6 76,2 206.
. 21157. 7-. $28.6 58.0 297.113

,. 2 13571 -1. 31"o3 10.6 40.

2 125.9 .6 385.8 26.2 -153
.2 127.6 -12.5 -17.8 3.7 -2660.S.3 124,2 -10.4 49,5 -1.2 -269.

. 125.6 -82. 117.8 0.5 -21033 125,0 "6*0 189.4 7*8 -202o :

2 125.1 -. 9 255.1 12.1 2146o
2 12579 -1.7 3205. 181 6896,3 125,5 03 123 28 4.19 34.9 126.
2 125.3 1.9 501. 6 1.1 2149.m3 125.2 700 542.2 55,0 293o

.3 126*0 9.0 563.7 67.6 260o
S*3 125.2 .6 389.5 26.5 300

.2 57.1 .6 38590 26.0 35.02 57.0 -15.6 -11pe0 7.9 -208.
S.2 57.5 -12.5 -19.? 4.1 -250.
S.2 57,2 -10.4 48.4 3.6 -246.:
S.2 57,6 -8.2 118.8 4,8 -231.•

o2 57.5 -6.1 184.4 7.6 -2010
.2 57.0" -3.9 254.3 12.1 -143.

10* 2 57." -1*7 318.4 18.1 -80.
S.2 57.6 .5 375.0 25.2 -150

902 57*8 2.7 435.1 3308 900
S02 57,6 4.8 487.1 42.7 lane

.2 57,7 6.9 S27.6 53.1 249.,•o02 57,8 9.1 556.1 66.7 221o

S.2 58.3 10.9 522.6 91.1 -690S,2 57," ,9 390.2 26.9 56. *

Si213
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TABLE XX. DATA SUMMARY FOR CONFIGURATION F4

TEST CONDITIONS TUNNEL BALANCE DATA

M q,PSF aDEG L/q, FT2  f, FT2  PM/q,FT3

.2 3706 A8 33009 36.9 1079
02 56.8 -107 254.5 3003 -125o
.-2 56.5 -3.6 187.3 26.9 -1810
*2 5704 -508 8806 23.2 -129.
.2 57.8 -709 904 23.5 -305o
02 57.4 -10.3 -72.8 31.3 -661.
92 58.6 07 322.3 35.8 105.
.2 58.7 2.9 393.5 44*3 4500
.2 58.6 5.1 456.6 53.5 845.
o2 57.9 7.2 530.2 67.0 1138.
92 57.6 1.4 585.9 82.0 3489o
.2 5803 9j3 572.2 7909 12679
@2 58.0 1104 60600 103.5 1367.
.2 55.6 .8 338.1 37.3 1390
.3 130.2 A8 332.2 36.9 1590
03 130.6 -1.4 258.7 29*6 -50.
.3 12996 -3.6 175.2 24.9 -1180
o3 129.A -5e9 8601 23v1 -117.

.3 127.2 -801 0s 23s7 -330.
•3 129.1 -10.2 -78.*9 26.1 -4610
03 129.1 -12.5 -158.5 33.6 -7180
.3 128.8 .7 333.1 36o9 128e
.3 129.9 2.8 399.9 44.6 448.
.3 :2808 5.1 474&6 56.1 871.
93 127.9 7.3 544.6 69.3 218?.
•3 129.1 9.2 575.9 8009 1291.
:4 218.7 o7 340.7 37.8 1510
.4 217.6 -1.4 269.2 30.7 -,68.
o4 21792 -3.6 18409 25.8 -214.
04 21792 -5.8 93.2 24.1 -1580
04 21791 -800 8as 25.6 -444.
.4 217.1 e8 34S.7 38.4 168.
:4 216.4 3*0 424.5 47.9 487.
.4 217.9 5.2 489.6 59.1 921.
:4 218.7 7e3 531.7 71.1 1220.
,4 218.7 *8 345.3 38.5 1560
.5 322.5 09 365*7 41.7 153.
.5 320.0 -1.3 28601 3490 -131.
.5 322.0 -204 243.5 3019 -236.
.5 322.7 -308 187.6 27.9 -376.
05 321.4 -4.7 148o6 27.0 '438*
.5 321.2 .9 36595 4108 132.
05 321.2 2.9 435.9 5100 686.
05 32048 09 365.9 42.0 146,
05 322.0 3.1 446o5 52.1 514.
.5 321.4 309 472.7 57.0 6550
.5 321.2 51 507.1 64.1 370.
.5 323.5 6.2 532.7 7293 !074o05 32101 .9 36608 4169 !410

96 432.3 1.0 421.3 5086 ;110
.6 432.2 -.3 359a9 44.0 -54.
.6 4310S -104 309.9 3900 -'379
o6 431.3 -2.8 25296 35.0 -4000
.6 432.7 -365 221.8 33.7 -501o
.6 43394 100 41992 50.8 157.
96 431.6 2.0 452.7 S7-0 775.
.6 431.8 390 484.5 66.4 1771.
06 431.1 101 422.2 51.1 177.
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TABLE XXI. DATA SUMMARY FOR CONFIGURIATION FWP 1

TEST CONDITIONS TUNNEL BALANCE DATA
i q,PSF , aoDEG L/q,FTz f FT2 PM/q, FT3

.2 59.9 A8 340.0 39.1 87.

.2 59.3 -1.3 277•4 32.8 -146.

.2 60.0 -3.7 183.3 26.3 -24.
*2 58.3 -5.7 106.2 2593 -108.
.2 59.1 -7.9 24.0 24.1 -277.

:2 59.4 -1.3.2 -62.8 26.8* -388.
.2 58.7 -12.3 -139.5 32,b -559.
.2 59.8 -15.6 -258.5 43,8 -733.
.2 59.5 08 341.1 38.8 60.
.2 59.5 2.9 408.6 47.5 321o
o2 60.3 5.0 460#4 5507 725.
.2 59.0 7.2 531.1 69o5 1042.
.2 59.5 9.4 587.3 84.7 1247.
.2 60.3 1104 620.5 107.3 1237.
.2 60.9 e8 335.8 38.3 64.
:3 129.1 .8 345*4 39.4 84.
.3 128.6 -1.3 274.7 32.1 -450
o3 130.2 -3.6 184.1 26.7 -92.
.3 129.2 -5.7 103.0 24.5 -70.
.3 128.9 -7.9 18.7 24.2 -277.
o3 128.3 -10.2 -67.2 27.1 -402.
*3 128.9 -12,3 -142.7 32.0 -552.
.3 127.4 OS 351.6 40.4 107. 1
.3 12904 3.0 417.6 48.1 462o
o3 130.3 592 485.6 59.3 813.
03 i29*3 7.3 544.8 71o5 1131o
.3 129.2 9.4 594.2 8704 1263.
03 129.7 . 344.2 39.0 147.
o4• 217oA ,9 360,5 41*5 145,
.4 217.,• -1.4 282.7 33.5 -71.0

.4 21'). 1 -3.5 199.5 27.7 -175.
.4 217 i -5.8 104.3 25.8 -113.
.4 218 -8.2 13.1 25.7 -364.
• 4 217.7 .8 360.7 41.6 129.
:4 220.1 3.1 432-1 50.6 481.
.4 219.7 5.3 496.0 62.0 862o
o4 219.1 '.3 538.1 74.6 1183.
.4 218.t o8 355.4 41.1 142.
o5 321.0 .9 380.5 45.5 121.
.5 323.1 -1,3 2Q6.7 3696 -161.
•5 321.5 -2o4 255.C 33.3 -255.
e5 3 2 2 e3 -35 213.4 33.8 -357.
o5 321)o2 -5.6 121.7 28.4 -347.
:5 322.8 .9 375.0 44.8 105,
.5 323.2 3,1 453.? 55.8 434*
.5 325.2 4.2 481.5 61.5 677.
e5 323.2 5.3 rl7.q 69-2 886,
e5 324.0 6o3 545.2 78.6 1066.
.5 323.3 .q 375.q 44.8 132o
.6 433.3 1.0 422.2 56.7 91.
.6 430o0 -01 377., 49,7 -33,
.6 430;2 -1.3 324.2 44•0 -215.
.6 431.3 -2.4 278o. 40:0 --351,
.6 432.2 -3.4 23307 36.8 .. 183.
96 431.8 1o0 423.8 56.6 142o
.6 433.3 i 2.1 458.9 64.8 707.
.6 431.90 3.2 486.1 758 1601.
.6 431.8 1.0 422.1 56o7 113.

- - I -~ ~ .y ~-'2-



TABLE XXII. DATA SU..J4ARY FOR CONIGURAT1IOL1 FWH.3

TEST COND!TIONS TUNNEL BALANCE DATA ROTOR DATA

M q .PSF a.DEG L/qFT2  f, FT2  PM/q,FT3 NRPM fRHFe
S.3 ,q.1 . 37.P q..0 231. 1422. 20*7

%. 'p 3.q s .&1*2 75.. 528. 1422. 20.0
.7 %S. 1 470.1 R8.6 800. 1422. 20,7
.2 -A.1 7.3 54q.3 q3.q 1022. 1422. 21.0

4 • o1 •q ••1 1165:7 123A. 1422. 22#2

• .I I q* *1 •7.• -4!).8 238- 711. 1908

.2 U7. - 1•nt.7 61*.3 239. 0. 19.0

.2 5'.(a -1.:4 276-1 57.2 1- . 1422. 19.5

. t ,7.5 -C . 21.6 51.'4 -189. 1122. 1903
.2 57.0 -57 115.4 4i0.1 -337. 11.22. 19.0

r".7 -7.1 -).1 44.8 -1.76. 11.22. 20.5

.:•~ 1 7 .3 -1 2 " * 4 4 : 6 -7 5 5 . 1 4 2 2 . 1 9 ,4

.2 50.1 -l.6 -2b'.- 69.9 989. 1422. 17.6
C. .' 1? q 317.3 46.0 215. 1422. 19.8

.3 12'7.4 A4 344.,% A7.14 183. 14.22. 21.'.
.3 1777 q~ 4.140 7d: 4 438.1 11.22. 21.6

-3 124.0 5.1 1.A.1 41.4 696. 1122. 21.9
:. 124.7 •.3 ;614.A 11S.4 943. 1422. 22.0
.3 12?. S w' S5.7 1,23-5 21111. 11.22. 22.1
.3 1?4.c 116-2 68.1 191. 1422. 21.4.3 •. .4 ý;• 7.1 182. 711. 21,4

.3 124.1 .t 314;.7 65.8 166. 0. 20.3
•.3 127.0 -3.4 105-5 S2.2 -2bO. 1422. 21.0
.3 127.0 -S.7 114.0 17.5 -411. 1v22. 20.7

53 12q.? -7.* 2R.- 45.1 -5465. 11.22. 20.2
_t') ] n -I0 -r,3.• C. i) -698. 1422. 19,5

.3 12'.2 -17.A -1"JI. 0.3 -8.2. 11.22. 20.4

: 3 1 6. 3 I. 0 - : . 4 3. 2 811 1 2 . 1 12 2 . 1 9 .9
. 1 •2.7 -1.74 T5.1 19.1 055. 1122. 21.0
.4 215.0 .3 350*0 47.8 172. 1422. 21.1.
.1 2 1.0 .s 35.7 701.5 138. 1422. 21.4
. 215..3 3.n 29t.3 1.02 388. 1022. 21.6
.14 215.1 -. Q 94-.1. 95.1 -1Q. 11.22. 21.7

.' ?~1 47 3 i. 49g.5 -1.7. 14.22. 20.6

• 21.0 .9 25.3 1.4 -23. 1122. 21,4
• . 213.6 .0 1.4. 70.9 136. 711. 21.2344:•. . •3 701*'0 98. 0. 21:6

. 213.1 -1.4 177.0 41.8 -711. 1122. 21,2
4 213.1 -3.0 1943. 50.7 -316. 11.22. 2029

.s 214.1 -. 1-.7 W. 5 6.5 -570. 1422. 20.6

.5 310.7 -7.0 24.a 0.31 -b37. 1122. 2021

:4 p '1.6 .q C2. 1 70.9 726. 1422. 21. 8
.5 3 1 1.P . 190.6 78..2 87. 1122. 22.5
.; 310.0 A.n 143.1 qO.3 340. 1122. 22.2
.s 31 .# -. 1 463.? 967. -155. 1422. 22.1
.5 310. 2 5.1 u".7 103.73 572. 11.22. 22.1

:5 3?q' . 6-1., cpn . 111 89 797. 11 .22. 2 1.8
.- 31•.f is A 17.1 58.6 87. 1122. 22.5
.5 31o.n .f 36..3 78.2 80. 711. 22.2
A, '41a.3 .1 1.5.5 A1.3 103. 1 . 24.2

3;1.f-4 *1. 47-5 2. -158. 11.22. 22.1

.• 31.. -2-f. 264. 3.3 -272. 7122. 22.1

.5 31Q.6 -%.S Zn..1 S9.3 -370. 1422. 21.8

.A 31n.n --. 7 117.1 *45. -551. 11.22. 213.

.5 31':.5 . %q 12*118*5 69. 1422. 22*5

.4 f1.201 -31. 30s*. 10.3 662. 1122. 24.1.

.6 p0. -. ~. 7%20 4. -574. 14.22. 23.0

•1%1z Q =. • • 2*3 -lO0. 711. 23.2

.6 1. .I -1.5 2112? 70.0 -520. 1%22. 23.3

.6 .3S.0 .) q 02.0 -4.. 1142. - 23.9
I



TABLE XXIII. DATA SUMMARY FOR CONFIGURATION FWPIH3

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR jATA

M qPSF a,DEG L/qFT2 f. FT 2  PM/q,FT3  N,RPM fFT 2

:2 59.6 .8 348.2 64.0 71. 1422. 16.6
*2 59.8 3.0 415.8 73.5 327. 1422. 16.9
.2 59.7 5.1 476.4 64.4 557. 1422. 17.3
*2 60.0 7.3 535.3 97.7 808. 1427. 17.5
.2 59.8 9.4 589.6 113.6 1027. 1422. 17.4
.2 59.1 .8 349.7 63.9 83. ý422. 16.6
.2 59.4 .8 348.0 63.4 78. 711. 16.6
.2 59.0. 0 347.2 63.8 79. 0. 16.5
.2 60:1 -1.3 283.8 56.1 -137. 1422. 16.4
.2 50.0 -3.5 201.4 48.4 -307. 1422. 17.9
.2 58.6 -5.7 126.0 45.4 -435. 1422. 17.7
.2 58.7 -7.9 41.8 42.6 -546. 1422. 17.6
.2 56.08 -10.1 -40.2 43.2 -643. 1422. 18.0
.2 580.4 -12.3 -117.9 46.6 -767. 1422. 17.1
.2 57.4 -15.6 -240.7 58.9 -1038. 1422. 17.7
.2 59.1 .A 332.7 60.1 79. 1422. 16.6
.3 127.8 3.0 427.7 76.9 350. 1422. 17.2
:3 129.4 5.2 491*5 R80s 617. 1422. 17.7
.3 126.5 7.3 5514.0 102.9 860. 1422. 17.1
:3 !0.2 0.4 602.5 118.6 1065. 1422. 17.4
03 129.1 .a 353.6 66.0 92. 1422. 17.6
:3 130.4 .8 346.2 64*0 910 711. !7#5
.3 126.3 .6 352.0 69.2 101. 0. 18.9
*3 129.1 -1.3 282.0 56.9 -226. 1422. 17.6
.3 129.1 -3.5 204.6 50*3 -324. 1422. 17*4
.3 128*6 -5.7 122.1 45.5 -455. 1422. 17.1
.3 128.0 -7.9 39.0 43.5 -5790 1422. 17.3
.3 129.0 -10.1 -43.5 43.4 -698. 1422. 17.9
.3 120.9 -12.3 -120.R 47.2 -840. 1422. 18.0
.3 129.1 -15.6 -238.6 57.2 -10684 14Z2. 17.4
.3 126.8 .8 351.6 65.4 93. 1422. 17.6
.. 214.0 .0 367!' rg 9.6 96. 1422. 17.9

2 71•* f *, 1.n 401. 92.1 351. 1422. 1706
S-?•. .? q•q 3-8 61q. 1422. 17*8

7a 217.7 7.2 5380. 197.8 850. 1422. 17.9
01 21-4.3 it V-0.2 69.3 94. 1422. 179- "
.q 21'.2 .q 361.% (-'.5 9° 711. 17*6

.s 2141.0 q4 35. 0 73.2 102. 0. 180b
21 215.5 -1.' 2R6.4 1 9.0A -125. 1422. 14.1

.• 211.1 -3.4 2%7.4 42.41 -328. 1422. 18.3

.. 215.8 -S.7 125.0 %7.7 -474. 1422. lo.0
.• 215.I -7.9 ft)0f .1.3 "605. 1422. 17.Z

.. 21'9.7 .Q '66.0 10.3 326. 1422. 18.3
Q4 31'.5 .0 '77.6 77.3 62. 1'22. 19o

S 31,3.1 1.0 50o1. Q11.7 297. 1422. 19.105 3?.u 4. 7?01 "16.5 4541. 1422. 1901
*• 3;--.S •. q•.7 In-42 S04. 11'22. 1%02

3- 37. S 10• r'!20 114.6 -569. 1422. 1904
.s 3e1.4 40? CM 10i 114.9 742. 18422. 19,4_

. 311.0 .0 375.1 77.7 54. 1422. 19.2

.' 31n.1 .0 376.3 '77.6 49. 711. 19.1

.4 31".8 .0 37 .). 79.7 67. 0. 20.3

.4 31R.1 -1.3 29M.7 67.2 -183. 1422. 1904

.5 317.0 -2.. 259.0 62.6 -285. 1.422. 19.5
0. 31•*t -3.5 p16.2 58.2 -382. 1422o 19.5
.s 314.6 -5.7 130-3 S2.7 -565. 1422. 1905
.4 313.( .q %74.P 77.6 57. 1422. 19.5

.4 q•.& . 3'1 5-9 -S7. 1I122. 19.5
-M&' 1•• ?" • • 195-4 94. 1422. 1905

.4 4.7 *0 3-.3 05.2 -22. 1422. 19.7

.4 4'.4 .a 3'.04 0.-6 -26- 711. 1900

-6 '?-. -.2 3%Q.oq 8.1 -143. 1422. 19.6
W? -.1 -I. 3•. '1.8 -252. 142Z. 1907

.6 '.-2.'? -,%.c 2n10 71.8 -503. 1422. 19,7

-4
N

1.2

- -



TABLE XXIV. DATA SUMMARY FOR CONFIGURATION FWPlFR

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q,PSF o,DEG L/qFT" f, FT2  PM/qFT3  N,RPM fRH'•

s2 56.7 .9 378*0 65*1 51. 1422. 11.9
*2 57.2 3.0 426o8 71.1 255. 1422. 1200
92 5708 5.2 689.4 83.0 502. 1422. 13.6
.2 58.3 7.3 537.9 93.8 707. 1422. 13.*
*2 58.0 9.1 598.1 112*8 9580 1422. 1501
s2 59.1 $a 355.9 60*6 20. 11.22. 11.1
*2 58.2 *9 360*6 61.2 43. 711. 11.0
.2 58.0 .9 362.5 67.6 58. 0. 14.1
.2 56*9 -1.3 297o9 54*6 -17.0 1422. 10.2
.2 57.6 -30.5 216.8 417.2 -333. 1122. 12.0
.2 58*3 -5.7 134.2 42.5 -465. 1122. 11.2
o2 58.1 -7.9 52.1 39.7 -573. 1422. 11.0
.2 58.1 -10.1 -28.6 41.2 -695. 1422. IC.2
*2 58.9 -12.2 -107.3 1402 -828. 11.22. 10.6
: 2 5708 -15.5 -226.5 541., -1056. 1122. 10.0
e3 127.6 09 367.1 63.7 31, 1422. 1106
*3 130.8 3.0 286.8 72.3 241. 1122. 12.1
93 129:1 5.2 506:7 86.9 531. 1122. 13.3
.3 12946 7*3 56707 10292 754e 1122. 1404
o3 128*3 9*5 614*4 117.8 982. 1122. 15.3

.3 128.6 .9 370.8 63*8 56. 1122. 11.6

.3 128.7 -1*3 29%.6 54*0 -172. 1122. 11.0
o3 127.6 -3.5 219.2 47.6 -370. 1122. 10.2
.3 128.6 -5.7 13690 12.8 -506. 1122. 10.0
.3 128.9 -7.9 51.5 10.3 -621. 1122. 10.7
.03 127.8 -10.1 -31.7 40.9 -7419. 11.22. 10.0
.3 128.5 -12.3 -111.9 4.43 -889. 1422. 10.5
.3 129.0 .9 363-9 62*5 440 1122. 11.6
93 128.2 .9 368.3 64.1 20. 711. 11.5
63 12801 .9 36695 61.5 29. 0. 10.5
.1* 21409 .9 381.3 68.6 51. 1122. 12.1
.5. 217.9 3.1 41.809 79.5 268. 1122. 33.2

*. ,. 216.5 5e2 516.0 93.1 517. 1122. 14.1
A1. 21.99 7e3 565.6 103.6 781s. 1122. 15.0
.4 215.6 .9 377.2 67*9 52. 1122. 12.1
1*. 215.9 .9 371o2 74.0 59. 0. 15.1
.1. 216.7 .9 376.6 68.1 5.. 711. 12.7
oft 216.1 -1.3 303*9 58.5 -172. 1422. 12.0
.,. 216.5 -3.5 221.6 1908 -366. il122. 11.7
0. 215.9 -5.7 139.2 15.1 -525. '1122. 11.2
A*. 219.8 -709 53.2 4192 -655. 11.22. 10.7
.1 2150. .9 378.9 68.1 50. 1122. 12.9
.5 322.6 .9 380.9 78.9 71. 11.22. 14.0
.5 321.9 301 456@6 94.1 332. 11422. 14.1.
*5 321.9 401 177.7 101.3 1.75. 1422. 14.5
.5 321,9 5.2 503.5 107.7 595. 1122. 14.1
95 322.1 6.3 56o.1 118.3 761. 1122. 14.2
.5 321.3 .9 372.3 81.0 95. 1122- 12.6
*5 320.1 09 371.5 80.8 73o 711. !2*9
95 321A. 09 368.1 78.5 87. 0. 13.1.
.5 322.5 -1e3 295.7 6808 -173. 1422. 11.8
.5 320.1 -20. 259.8 64.5 -2949 1122. 11.6
.5 320.7 *3.5 219.3 60.0 -391. 11.22. 11.6
*5 320.3 -. 07 137.6 52.7 -568. 1122. 10.7
05 322.0 .9 370.1 8006 69. 1422. 1308
e6 432o4 2.0 429.5 10195 173o 1422. i6.*1
.6 431.2 .9 382.0 95.6 73. 1422. 15.0
.6 430e6 09 381.7 95.9 -239 711. 12.5
06 432.9 .9 383.2 103.2 -37. 0. 19.7
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TABLE XXV. DATA SUMMARY FOR CONFIGURATION FWP2 BLCFf

TEST CONDITIONS TUNNEL BALANCE DATA ROlOR DATA

M q.PSF a.DEG f•,FT2 L/q,FT2 DeA/q.FT' DExt/q.FT' DO /q,FT' PM/qFT3 N ,RPM fg ,Fr

40,." . t4. .. 3.. : .. 4 . I.. . . f

181 470.22..c~ý 5. lt 0 ".• ;0. " .7 4u.?1t. :6''. U.ý

., • , 7. .1 5,16." iu' '.lZ .: 581. 142, . i, .t,

''184 j il 57.2 .321

.5 0 t2.2 "... 2-•.7 S.o 514. 11.2' :15.8

. 9-2 31. )3.6 33.6 53.. .. 3 i'5. 1%.L.

.• ... • 1-., 5.2 U'.' ý2-•' .€•. . ,. 6 7 .

.2 W.. 7. 0 254.1 "U.4. 1A. 8.. -'.. 1.. 31.5I

•' 54.8 -:. .0 €7.9 51.t, 
52.b 52.4. -'%.'. i.::. 18.6

.2 5L.5 A.t 5.2 -i .t;. 1.. .4. "A', 7."2:. 6.8,

.2 1,o-3 .9 5.0 3.,6.2 5" d3 '9.0

.2 59.3 .9 5.2 £.. 1 $5.. 3.74.1 52... /ii. 63.0

.. 1 59.3. .7 .

.2 59.7 -J. .5. ýf.4 4.1 7 T.72 4..2 0. 4.3

. z 5.d -- - .7 5.1 .3•-. 15.7 "5z.,2 -4. 2".1. 2I. .3

.2 59.6 - .. 5.2 55.1 1.6 ji.. -.. ;. 4212. 13.0

.2 6j., ., 5.i 3t,7.3 53.8 55.,• ". 4. 1.22. 8..-

.2.2 2 57 -- u.7 86•(,. 3/ .9• 1.22. 12.9

.2 53... ... 5.7 9.'. 54.2 54.1? 72.9 5. 122. 8.6

.2 5d.6 .42. ~51 13... 11.7.5 -9c. 11.2". 10.1

.2 58.5 •.3 22.1 .a9.7 52.2 55.9 . 175. IL122. 8.3

.2 53.9 5.Z 2 4..: 6.. 23.• ..... 1.22. 9.2

. 59.3 4. ..t. 54.,.1 77." 72.6 282.' 6t. 6142z. 9.2

.2 :., 3.5 .i rj.3 94, I ... 298. "-4.. T22. 8.5

.2 5. j .5. '27 2.,. -s.o 2'-6.7 -7. 711.2 .

.2 58.8 .9 20.1 37T'.3 144 .7 -7. I . 3.0

.2 58.9 .4 20.1 36a.9 39.3 l.L.2 1.2.." -1.9. 0. -. 1

.2 5d.5 -i.3 20.2 312.1 36.9 -3.2 123.2 -2.3. t1.22. 8.1

.2 5).3 -3.5 4-52 232 28, i.t 3. 16. 2.2 6.4.

.2 56.2 -5.7 2.. 139.7 2., 28.7 1?.9 -5.•. 1."2. 8.8

.2 58.8 -7.9 25.2 5..9 22.. o 12.- -7.. 2122. 10.4

.2 58.9-22.2 20.2 - i,. 23.5 Z6.7 227.2 . 11.22. 1; L.

.2 58.5 -.. .. .. -. i3.2 ./ .. -i2.2 - ... 1'.2. 11.3

.2 "A.2 -15.. 20.1 - *.4 39.. 2.. .- 3.2 -1 '", 1122. 12.0

.2 5d.6 .9 20.2 372.2 -3.9 -7.1 2-7.4 -'.,. 2.21. 23.5

.2 53.5 ..O 29.2 -. .2 -. t ..-.s 2'O-2 25-. 1.2. :6.9

.2d 53.9 5.2 2:3.3 224.. •. 6-'.. I•'. .2.• 22L.;,. 19.3

.2 51.2 7.3 :5.4 563.1 7-.7 '.t 19... .. I1.2- 2..5

.2 5•..3 .j .2.3 W67.5 )Q." .-.- i4..7 -1... l3.22. 12.1

.2 5-.5 ., 8.9 3-.9 28.2 .7 .j. -.-.. 11.22. 17.3

.2 53.1 7.2 ý 9.9 . 63.4 4./., ,:..L 511. 1.27. .

.3 122.6 .9" . 37.2 8-5.7 0-.' 85.7 .. 11.42. 20o.9

.j 128.8 .9C.3 84.." 8-.7 B4.7 i-, 222'. 21.2

.3 129.7 3.1 j 160.3 95.9 95.9 95.9 .•9. 11.:. 2.8
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TABLE XXV - CONTINUED

TEST CONDITIONS TUNNEL BALANCE DATA ROTOR DATA

M q.PSF ,DEG, f,, FT 2  ./q,FT /q, Dbx/,FT' F[E1 ./Q,FT' EO/q*FT 2  PM/qFT3 N,RPM fRHFT'

.3 I .5 .. .. , 5Q. 6 127. 1.2.7.. ; 7.. '.. l•..... 274C

.3~~..2' 1L7. U 4. 4c, 9. .

.3 127.7 .9 .0 39C.5 o4.7 84.7 ... 7 t. 711. 21'

.3 14.9 .3 .0 J87.1 83.5 83.5 83.5 14. 0. IPA

.3 127.2 -1.3 .0 318.8 71.1 71.1 7,.., -J',5. 1122. 2P.9

.3 128.3 -J.i. .0 236.7 64.5 61.- 61.5 -- 9g. 14z21. 9.6-

.3 127.9o -5.t, .0 119.8 57. 57.1 1. -- '.. 11'2. 17.7

.3 122.¶J .1) 2.. 390.1 1,j.5 64.9 71.1 ;. 11^.'. 11.3

.3 127.7 .9 8.6 381.2 57.5 60.: )-.9 -',9, S.2'2. 16.1

.3 127.2 3.1 8.6 163.0 %2.1 72.9 413.2 122. 112. 18.2

.3 127.8 5.3 8.6 531.2 83.4 85.9 416.7 41. 1122. 19.8

.3 128.1 7.1 8.6 590.7' 99.6 102.1 133.0 688. 122. 21.7

.3 128.3 .9 8.6 383.2 5s.: 60.5 91.3 -5'. 1122. 17.1

.3 128.8 .9 8.6 385.0 58.0 60.5 9..3 -5d. 711. 15.3

.3 128.3 . a 8.6 326.6 5).4 t2.0 92.% .16. 0. 12.5

.3 127.1 -1.3 8.6 314.5 19.2 51.7 82., -2'0. I122. 13.9

.3 128.0 -3.5 d.6 232.1 40.6 43.1 74.2 -50.. 1422. 1'.3

.3 126.6 -5.6 8.6 147.5 35.A 38.4 6;.. -58-. 1122. 11.1

.3 1:6.7 .9 8.6 357.3 58.3 60.8 91.7 -'6. 1422. 21.6

.j 123.1 .9 9.1 377.1 5Z.1 54.7 37.2 35. 1122. 12.1

.3 120.9 3.1 i.O 1651.7 62.7 65.3 ý8.5 271. 11:2. 12.6

.3 1"3.1 5.2 9.0 514.5 73.4 76.5 109.1 515. i122. 11.9

.4 211..0 .9 .0 10-..5 87.5 87.A 57.e -,22. 1122. 23.1

.4. 214.2 3.1 .0 .73.0 1:1.7 M11.7 11o.- 115. 1122. 21.9

.) 211.4 5.2 .0 526.7 117.3 117.3 117.3 ,!rL. 1l22. 26.0

.4 214.7 .9 .0 399.3 86.7 U6.7 U6.- -26. 1122. 23.1

.4 215.1 .9 .0 0cQ.0 87.2 87.2 e7.2 -13. 711. 23.1

.4 214.9 1.0 .1 101.1 86.5 86.5 U6. -39. 0. P2.6

.4 214.1 -1.2 .0 321.9 75.5 75.5 75.5 -192. 1122. 22.3

.1 213.7 -J.. .0 212.8 66.4 66.14. -357. 1122. 21.0

.1 214.5 -5.6 .0 154.9 58.9 58.9 53.9 -5C7. .L22. 19.9

.1 211.8 1.0 .0 1401.. 88.2 88.2 88.2 -25. 1122. 23.0

.4 211.0 1.2 1.1 103.2 71.5 75.6 77.8 -15. i122. 16.8

.1 215.1 .9 8.5 379.7 58.0 60.9 90.5 :;. 1122. 10.5

.1 217.8 3.t 8.5 157.8 69.6 72.5 102.1 303. 11-22. 9.0

.4 215.2 .9 8.5 396.3 57.2 60.1 89.9 -. 1122. 12.1

.4 213.2 3.1 8.5 662.8 68.4 71.2 101.1 321. 1122. 11.7

.1 212.9 5.2 8.5 522.1 82.5 85.3 115.2 1675. 1122. 10.5

.1 212.1 .9 8.5 395.6 '8.0 61.9 90.7 -1"7. 1122. 11.?

.1 215.8 .o 8.5 383.6 55.7 58.5 8A.4•' . 711. 9.f

.1 211.1 ., 8.5 381.8 55.4. 58.2 ts.i C. 0. Q.7

.4 213.5 -1.3 8.5 308.7 477.;; 19.8 !9.7 -4.. 1"22. 12.5

.1 212.3 -3.4. 8.5 213.14 39.8 42.r 72.6 -422. 112.. 13.3

.4 213.0 -5." 8.5 11'6.7 36.5 37.3 6 M7.: .!67. i-22. 13.?

.4 210.9 . 8.5 387.2 5-5.2 61.1 21.2 i'. 1121. 11 .

.4 215.8 5.2 8.5 510.6 o1.2 e4.1 11'." :521. .-. ". 8.1

.5 317.1 1.4 . 418.7 96.2 96.2 ;-.. -3 5. -- 2. 23./

.5 318.2 3.2 .0 191.2 110.7 110.7 11i.7 202. *..•. ;Oz..9

.5 318.1 1.2 .0 526.1 117.3 117.3 117.3 331, 1122. 25.7

.5 319.5 5.3 .0 559.-' 126.5 126.3 126.5 474. 11.2. 26.5

.5 317.7 1.0 .0 115.6 95.2 95.2 95.2 -5. W142. :1.0

.5 318.6 1.0 .0 116.1 95.3 95.3 95.3 -30. 711. 23.9

.5 317.1 1.0 .0 1.15.8 96.1 96.1 96.1 -16, 0. 23.5
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TABLE XXV - CONCLUDED

TEST CONDITMONS TUNNEL BALANCE DATA ROTOR DATA

M qPSF a.DEG f ,FT2 L/q,FT_ Dra./qFT_ Dxr/q_,F DEC/qFT _ PM/q,FT3 N.RPM fRHT

.5 317.6 -1.2 .0 332.0 81.6 81.8 8.1.8 -226. 1422. 23.2

.5 316.4 -2.3 .0 29L.1 77.6 77.6 77.6 -317. I122. 22.5
.5 316.8 -3.-1 .0 219-7 72.7 72.7 72.7 -415. 1412. 22.2

i.5 317.7 i.0 .0 L17.4 96.1 96.1 96.1 -18. 14.22. 2L.0

.6 422•.. -1.2 .0 358.9 94.0 94.0 914.0 -329. 1422. 2L.0

.6 4'24.6 -i .2 .0 359.9 9l...• 9.L 9"." -352. 1-122. 2L. L

S.6 424.9 -2.3 .0 304.1 90.1 9'0.1i 9M. L, 1422. 2L.0

-6 23.7 -3.4 .0 Z63.5 85.0 85.0 85.0 -599. I122. 23.7
.6 425.1 -1.2 .0 359.5 91,.5 1.5 9L.5 122. 2L.7
.6 L2-.5 -1.1 .4 363.2 92.9 93.8 9L.5 -330. 1'22. 23.3
.6 423.9 -1.2 2.0 356.4 91.2 92.8 97.- -127. 1422. 22.1

S.6 t.2L..1 -13 2.0 35-'.5 9i.0 92.5 9T7.2 -31L. 1422. 22.7

.6 L24.3 -2.-' 2.0 3C5.2 83.2 S.A 89-A -.-50. 1422. 21-9

.2 423.1 -3 .c 262.5 75.2 79.7 8L.1 -•5L. 1122. 21.1

.6 "23-L 2.0 359.1 91.5 93.0 97.7 -322. 1122. 22.5

.6 L23. -2.2 3.7 31-. 89.3 91.5 101. L -338. 1122. 21.7

.6 -1.2 5.1 360.6 a8.6 91.1. V07.2 -2C0. 1L22. PL.

.6 -25.: -Z.2 5.L 357.7 8B.2 92.0 1C6.8 -3L9. 711. 21.5

.6 425.4 -1.: 5.1 358.9 91., 107.5 -267. 0. 21.7

.6 423.5 -2-3 5.11 '3.C 60.8 83.6 99.1 -121. 1L22. 23.9

.6 -23.1 -3-L 5. 266.5 74.0 76.8 92.6 -561. 1122. 23.1

.6 123.9 -i.3 5.L 350.1 37.4 90.2 106.0 -36'5. 11422. 24.6

-44
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APPENDIX II

PYLON AND WING ROOT PRESSURE COEFFICIENT TABLES

TABLE XXVI. PRESSURE COEFFICIENTS MEASURED ON CONFIGURATION FP1
AT VARIOUS MACH NUMBERS A!ND AN;GLES OF ATTACK

(a) M =0.2, a -4.2 deg

'ILON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 so qo 100 120 135 150 160
-16*0 -753
-186*0 -*071 .191
-10*5 -. 137 -. 192 -. 126 -.067 -. 166
-6.1 -. 206
-6.n -. 216 -. 198 -. 194 -. 183 -. 203 -. 207 -. 187 -. 178
-3,0 -. 152 -. 151 -. 153 -. 163 -*189 -. 157 -. 178
-1.5 -. 168

0 -. 128 -. 152 -. 170 -,189 -. 155 -. 123
1.5 -.214
2.0 -.246 -.216.

3." -. 096 -. 134 -.359 -.397 -. 349 -. 112 -. 099
4:4 -. 126 -. 205
5.5 -. 027
6*0 -.056 -*005 .072 *081 .017 -.069
8.0 -.020 .019
9.0 -.1'86 -.092 -.017 -.114. -.093

10.0 -. 075 -. 103
12.f -. 16R -. 175 -. 183 -. 179 -. 185 -. 153 -.157
16.0 -.195 -. 196 -.173 --202 -. 186 -. 168 -. 161
20.0 -.047 -. 051 -. 025

TABLE XXVI - Continued

(b) M 0.2, a 0.0 deg

PYLON AND INSCAT

STATION CUT (DEGREES)
INCHES n 30 4S 60 s0 90 100 120 135 Isc 180
-16.0 .739
-14.0D -.02'. .14.8
-10.5 -. 101 -. 161 -. 105 -. 060 -. 151
-6:5 -. 225
-6.0 -.17P -.141 -.153 -. 180 -. 182 -. 197 -. 169 -. 131
-3•.0 -. 099 -. 130 -. 131 -- 164 -- 171 -. 135 -- 125
-1.5 -. 164.

0 -"99 -. 122 -. 160 -*179 -. 131 -. 106
1.5-20
2.n -. 231 -*229
3.0 -.074 -.143 -.339 -- 155 -. 316 -.096 -. 065
4.n -.136 -. 209
5.5 .016
6.0 -,0w? -. 031 .090 .090 .005 -.OS0
8.0 -.01p *005
8:0 -. 060 -. 061 .011 -. 079 -. 077
10.0 -.06R -. 09?
12.0 -. 13q -.153 -.1SQ -.147 -0161 -. 133 -.144
16.0 -ole% -.174 -,25t -,1l49 -,159 -,139 -°l•

20.0 -. 029 --Ol8 -. 002
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TABLE XXVI - Continued

(c) M = 0.2, a = 4.O deg
PYLO'1 Ih-r ll•=ic

STATT^P' CUT (DEGMEFS)
ln 4• 4 60 $o Of) 200 120 135 150 lAO-16.1 o*p

-- lqeQ-*qo9 OQO

-10.1; -. n -. 17R -.134 -.140 -. 170
-6.5 -. 279
.A.m -. 1R7 -. 155 -. 1fq -. 202 -. 202 -. 201 -. 181 -. 14F
-3 n -.130 -. 159 -. 165 -. P05 -.179 -.145 -. 143

-1.5 -.192
0 -. 128 -. 166 -. 194 -. 181 -. 152 -. 139

I .~ -. PIS
2.0 -. 256 -. 232
3.0 -.10 -. 193 -- 340 -.345 -. 313 -.143 -*099
4,0 -. 187 -. 238

6.n -. n81 -. 085 .067 o061 -*036 -g088
5. n -.041 -. 005
9.4 -. "85 -0109 .10 -*105 -. 107

10.q -.081 -. 100
12.0 -. 163 -. 193 -. 163 -.140 -. 163 -. 167 -. IA6
1l.q -,206 -0216 -.149 -. 140 -. 151 -. 171 -.1Q6
2_.0 .45 -.020 -. 023

TABLE DXVI - Continued

(d) m = o.4, a= -4.2 deg

PYLON AND INSERT

STATION CUT (OEGREFS)
INCHES 0 30 45 60 80 90 100 120 135 150 180

-16,0 .737
-1400 -. 108 .170
"-10.5 -.186 -. 252 -. 185-',2!k7 -.200

-6:5 -. 277
-6.0 -.274 -. 203 -. 214 -. 246 -. 227 -. 270 -. 258 -. 236
-3.0 -,186 -. 195 -. 226 -. 230 -9240 -.214 -e219
-1.5 -.238

0 -. 167 -. 202 -. 23Q -. 253 -. 21q -. 185
1.5 -9282
2.0 -. 326 -. 307
3.0 -.129 -. 196 -9435 -.461 -.417 -. 181 -. 148
4,0 -. 186 -.244
SO5 -.076
60 -.197 -. 053 .028 .036 -. 016 -. 125
8.0 -. 061 -.024
9.0 -.121 -,125 -. 053 -. 168 -. 152

10.0 -*114 -.148
12.0 -.206 -.217 -9224 -o210 -. 218 -e218 -.235
16.0 -,237 -.249 -,217 -,240 -. 232 -,224 -. 222
20.0 -0091 -,089 -,086

12



I
TABLE XXVi - Continued

(e) 14 = = 0.1 deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 S0 qo 100 120 135 150 lea-1600 .729

-1400 -. 09c *106
-10.5 -.165 -. 255 -,182 -,145 -,211
-6.5 -,314
-6,0 -,266 -,202 -. 212 -.250 -.240 -. 265 -s256 -. 225
-3.0 -. 1864 -. 196 -.222 -,250 -,254 -. 217 -. 215
-1.5 -o247
a -. 170 -. 196 -. 237 -. 271 -. 228 -. 188
105 -. 290
2.0 -o319 -. 303
3.0 -. 149 -. 213 -,434 -*458 -. 413 -e193 -. 168
4.0 -. 212 -0280
5.5 -"050
6.0 -. 112 -*091 .007 .019 -. 064 -. 138
8.0 -. 079 -. 048
9.0 -,128 -. 135 -,052 -. 173 -. 162

10,0 -,127 -,151
12.0 -@211 -,P30 -. 226 -. 206 -. 222 -. 225 -. 255
16.0 -e261 -k..1 -,211 -,223 -,224 -s240 -. 252
20.0 -. 090 -. 076 -. 088

TABLE XXVI - Continued

(f) M = O.L,c= 4.1 deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 80 90 100 120 135 150 leo
"16.0 9732
-14.0 -. 057 .058
-10.5 -. 132 -. 239 -. 187 -. 187 -. 208
"-6.5 -. 339
-6.0 -,248 -. 194 -. 210 -,25q -. 242 -,249 -. 241 -. 210
-3.0 -. 172 -e199 -,232 -. 261 -. 235 -9215 -. 211
-1.5 -9254

0 -. 166 -. 206 -. 249 -. 255 -. 225 -. 191
1.5 -. 285
2.0 -,327 -. 293
3.0 -. 148 -. 246 -. 411 -. 429 -9397 -. 216 -. 168
4.0 -. 233 -. 297
SS -. 047
6.0 -. 118 -. 120 .004 .014 -. 080 -. 146
8.0 -. 086 -. 045
9.0 -e119 -. 136 -,035 -. 169 -. 156

10.0 -. 122 -,138
12.0 -9205 -e232 -. 221 -. 191 -. 203 -*220 -. 254
16.0 -,267 -. 263 -,191 -,185 -. 188 -. 228 -. 246
20.0 -. 075 -. 046 -. 077

-2n



TABLE XXVI - Continued

(g) m = 0.6, a = -4.3 deg

PYLO4 AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 80 Q0 100 120 135 150 180
-16.0 ?771
-114.0 -,165 .150
-10.5 -. 255 -. 350 -9250 -.145 -. 261
-6.5 -. 336
-6.0 -. 352 -. 280 -. 285 -. 325 -. 282 -. 319 -. 325 -. 305
-3.0 -. 250 -@275 -. 289 -- 2914 -. 303 -. 285 -. 285
-1.5 -.302

0 -.221 -. 279 -. 305 -.310 -. 286 -. 248
1.5 -. 3.44
2.0 -.109 -.364
3.0 -,195 -. 260 -. 523 -9565 -.499 -. 239 -. 21.
'4.0 -.21.1 -.336
5.5 -. 089
6.0 -.113 -*093 -. 023 -. 018 -. 076 -. 175
8.0 -01016 -. 071
9.0 -. 167 -0188 -. Oq8 -. 208 -.205

10.0 -. 166 -.204
12.0 -. 271 -.290 -@290 -,291 -o292 -. 277 -.302
16.0 -.313 -. 316 -. 300 -e320 -.31 -. 298 -. 30820.0 -.112 -.147 -. 137

TABLE XXVI Continued

(h) M = o.6, a = 0.0 deg

PYLON AND INSERT•

STATION CUT (DEGREES)
INCHES 0 30 15 60 80 90 100 120 135 1SO 180
-16.0 0769

1-.*12a 095
-10.5 -. 235 -. 322 -. 250 -.193 -. 257
-6.5 -. 385
-6.0 -.341 -. 273 -. 285 -. 322 -. 295 -. 322 -.311 -. 287
-3.0 -. 250 -. 260 -o285 -,309 -,303 -. 283 -. 278-1.5 -. 316•

0 -. 22a -. 269 -. 306 -. 319 -. 290 -.218
1.5 -. 351
2.0 -.106 -. 357
3.n -. 200 -. 288 -. 512 -.S5O -,197 -. 265 -. 226
..O -. 277 -. 358

5.5 -9076
6*0 -,156 -. 131 -.011 -.046 -.119 -. 189
g.0 -,105 -. 083
9.0 -. 177 -. 180 -. 089 -. 222 -,212

10.0 -,170 -. 200
12.0 -. 268 -. 288 -. 289 -.271 -. 291 -. 278 -9316
16.0 -.341 -. 329 -. 282 -. 288 -. 296 -*.29 -. 315
2nfo -.134 -. 130 -. 135

130

'-'4:



j TABLE XXVI - Concluded

(i) M= 0.6, a= 4.l deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 80 t0 100 120 135 150 180-16,0 ,778

-1600 -.093 e050

010o5 -. 189 -007 -,251 -9231 -- 2.7

5.5 *9

-60 -- 5315 -.254 -0265 -. 317 -. 389 -. 32t -. 291 -. 259
-3.0 1..227 -- 248 .273 -,310 -9302 -e263 -. 268
-105 .1306

0 -- 222 - 9263 -. 300 -2313 -a271 -. 246105 -*335
2,0 -,391 -,369

310 . ,204 -. 313 --2 77 -"506 -. 57 -. -. 2972-364
4*,0 0s291 -0379 •
595 -9068
600 -. 151 -- 156 -. 051 -,057 -9137 o,158
8*0 -,113 -*097
900 -,157 -,180 -o06I -. 215 -. 211

10,0 o,161 -s195
1200 -,258 -. 300 -,280 -,243 -*272 -2•74 -,324
16,0 0.3•2 -,330 ",262 00246 -0254 -.294 -,316
20.0 -. 122 -. 097 -. 112

131



TABLE XXVII. PRESSURE COEFFICIENTS MEASURED ON CONFIGURATION FP2
AT VARIOUS MACH NUMBERS AND ANGLES OF ATTACK

(a) M = 0.2, a = -h.3 deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 80 00 100 120 135 150 180

16.0 .623
-14.0 -. IIQ .047 -. 178
"-10.5 .25P -. 248 -. 202 -. 212 -.218 -. 258 -. 241
"-6.0 -6233 -. 267 -. 260 -. 258 -. 262 -. 282 -.247
-3.0 -. 169 -.179 -.186 -.156 -. 17S -. 171 -.185
-1.5 -. 166 -. 133 -.140
0 -.145 -. 125 -. 127 -. 128
1I5 -. 140 -. 131 -. 124
3.0 -. 157 -.148 -9152 -. 131 -. 133 -,131 -.147
4.5 -. 157 -. 141
600 -.169 -. 177 -.194 -. 158 -. 167 -. 173 -. 160
7.5 -. 181 -. 175 -. 160 -. 173 -. 163
9.0 .642 -. 157 -0190 -. 1*8 -. 171 -. 152 -. 150

10.5 -s170 -.202 -. 206 -. 158
12.0 -. 170 -. 208 -. 221 -. 235 -. 225 -.184 -. 173
16.0 -.180 -.241 -.269 -.260 -.244 -.173 -. 156
20.0 -. 126 -.090 -. 116

1TABLE XXVII - Continued

(b) M 0.2, c 0.0 deg

PYLON AND INSERT

STATION CUT (DEGREES)

INCHES 0 30 45 60 80 90 100 120 135 ISO ISO
-16.0 *Sob
"-14.0 -. 11n -. 004 -9162
"-10.5 -.247 -.259 -"226 -. 263 -,247 -. 242 -.227
"-6*.0 -236 -. 282 -. 273 -.274 -.274 -. 278 -.237

".-3.0 -.189 -. 169 -.175 :,164 -.177 -. 167 -. 178
"-L1S -. 153 -. 136 -. 153

0 -.141 -. 133 -. 123 -. 128
1.5 -. 13Q -. 123 -. 134
3.0 -. 155 -. 140 -.136 -.134 -9131 -. 125 -9139
4.5 -. 155 -0160
6.0 -. 189 -. 175 -. 169 -.148 -. 160 -.165 -. 179
7.5 -. 176 -.163 -.156 -. 167 -. 175
9.0 .708 -. 157 -.173 -. 185 -. 165 -. 171 -. 183

10.5 -. 168 -. 178 -. 189 -. 177
12.0 -. 205 -.199 -.209 -. 226 -. 215 -. 196 -9165
16.0 -. 211 -. 232 -. 238 -0226 -. 217 -. 185 -. 173
20.0 -,122 -. 068 -. 086

3 "

3R



TiAI.,L XXVi1 - Continued

S(c) M O .L., OL = 4.0 (leF

PYLON ANO INSERT

STATION CUT (DEGREES)

INCHIS 0 30 i25 60 s: 90 10: 120 135 18O 0aO

-16,0 -606
-1-,0 -- 065 -.163
-10,5 -,163 -,228 -,247 -6314 -. 270 -0236 -. 176

-600 -,202 w.257 -,297 -0306 -,297 -*280 -,235

-3*0 -.163 -. 182 -,15 -0166 -*1"9 -&175 -- 188
-105 -.154 ",16 -,15.

0 -0145 -,130 -e128 -,126

its -.146 "0136 -,135
36f) -. 167 -. 161 -. 128l -.13 -,134 -*170 -. 137

-.5 -. 167 -- 16
4.0 -. 163 -. 176 -0185 -. 163 -&t6g -,161 -o,65
765 -. 175 -*157 -0053 -0157 -*176
9 0 0 o943 -,163 -0180 -*172 -*153 -,144 -. 182

lots-,7 -*186 -0183 -,157
1200 -,198 -. 215 -0207 -,215 -0207 -,180 -0185

16.0 -. 209 -. 251 -,219 -. 192 -. 190 -. 172 -. 168
20,0 -,10-00"081

TABLE XXVII - Continued

(d) M = C.., = h.2 deg

PYLON ANn INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 R0 qn 100 120 135 150 1a
"-16.0 *638
-14.fl -.15p ,03B -,204.
-10.5 -. 29• -. 286 -. 222 -. 251 -.243 -. 271 -. 282
-6,n -.264 -,P92 -. 293 -. 285 -. 286 -. 308 -. 275
-3.0 -. 208 -. 209 -.204 -.192 -. 207 -e19q -. 202
-1.5 -.170 -,166 -*169
0 -,154 -. 160 -.156 -.141
1.5 -.155 -. 160 -. 150

S30 -.161 -.180 -. 173 -.165 -,157 -.159 -. 5SS
".%5 -.181 -. 177
boo -. 210 -.216 -.225 -*147 -,207 -. 205 -. 197
765 -,200 -,206 -. 203 -,200 -. 201
9.0 .672 -. 179 -,226 -.226 -. 209 -.160 -. 193

10.5 -.187 -. 223 -. 232 -. 19'
12.0 -.189 -. 230 -. 251 -.266 -9262 -.218 -. 196
16.0 -. 203 -. 263 -*293 -.295 -,267 -. 215 -014%
20.0 -.134 -.116 -.130



TABLE XXVII - Continued

(e) M = o.h, a = -0.3 deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 NO q0 100 120 135 150 180
-16.0 .617
-1400 -,1a -. 021 -,179
-10.5 -428• -. 281 -,255 -. 299 -9268 -. 261 -. 258
-6.0 -. 272 -.299 -. 308 -,310 -. 301 -. 305 -. 281
-3.0 -,219 -. 217 -.219 -. 199 -. 205 -,202 -. 201
-1.5 -.184 -.176 -s167
0 -. 162 -. 165 -. 151 -.146

1.o -. 163 -. 168 --.145
3.0 -. 186 -.186 -.175 -. 168 -.154 -. 156 -.154
4.5 -. 186 -9193
6.0 -. 213 -. 211 -.223 -. 193 -. 191 -. 200 -.214
745 -o208 -. 207 -. 195 -,205 -s212
9.C .802 -. 180 -.214 -. 225 -. 201 -. 207 -. 213

10.5 -0191 -o212 -. 217 -. 209
12.0 -o224 -,230 -. 238 -.257 -.240 -#227 -.216
16.0 -o240 -,269 -o276 -o259 -o251 -. 228 -. 216
20.0 -,141 -,086 -.134

TABLE XXVII - Continued

(f) M =o.4, a 4 .0 deg

PYLON AND INSERT

STATIOn' CUT (DEGREES)

INCHES 0 30 4S 60 80 QO 100 120 135 150 180
-16.0 .613
-1400 -.0?F -. 077 -.149
-1005 -. 20Q -. 246 -o278 -o344 -. 295 -.249 -. 197
-6.n -e225 -,280 -9325 -,325 -9313 -. 298 -.245
"-3.0 -. 199 -. 206 -. 213 -9207 -4216 -.204 -. 207
"-1.5 -. 168 -. 181 -. 167

0 -. 150 -. 155 -. 157 -. 145
1.5 -.143 -.163 -11*8
3.0 -. 175 -. 173 -. 167 -. 172 -. 153 -. 156"-9163

,s5 -. 175 -. 159
6.0 -. 210 -. 200 -. 205 -. 181 -. 188 -. 200 -.185
7.5 -. 203 -.184 -.1R5 -. 186 -.190
9.0 .755 -. t7l -. 197 -,202 -. 192 -. 185 -.20%

10.5 -.183 -. 200 -194F -. 188
12.0 -. 221 -. 223 -. 215 -. 223 -. 217 -. 212 -.214
16.0 -.229 -.281 -.244 -. 216 -,228 -. 206 -.224
20.0 -. 128 -. 060 -.114

13-j



TABLE XXVII - Continued

(g) M = .6, c=-. 6 deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 8o 90 100 120 135 150 18o
-16.0 .676
-1490 -. 20p .023 -.242
-10.5 -. 353 -. 358 -. 283 -.295 -. 303 -. 329 -.343
"-6oO .. o332 -,377 -o351 -9355 -. 356 -. 384 -. 34
-3.0 -. 267 -,267 -. 269 -. 235 -. 263 -.266 -. 259
-105 -. 226 -. 213 -. 223

0 -. 209 -. 209 -. 212 -. 189
1.5 -. 201 -. 213 -. 200
3N0 -. 233 -. 225 -. 226 -.214 -*213 -. 207 -. 206
4.5 -. 233 -e241
6.0 -,263 -. 280 -. 286 -.245 -. 261 -.265 -o252
7*5 -,253 -.263 -.255 -. 275 -0259
9.0 .642 -. 230 -"285 -o272 -.272 -. 253 -. 253

10.5 -,241 -,268 -. 287 -.257
12.0 -o253 -. 283 -4312 -.328 -. 312 -. 283 -. 258
16.0 -. 264 -. 327 -,363 -.358 -,338 -.277 -.252
20*0 -.181 -. 155 -.193

TABLE XXVII - Continued

(h) M 0.6, a = -0.3 deg

PYLON AND INSERT

STATION C'IT (DEGREES)
INCHES 0 30 45 60 80 90 100 120 135 150 180
-1690 *660
-11.0 -. 169 -. 0%0 -. 216
-10.5 -. 337 -. 339 -.399 -. 356 -. 327 -. 316 -. 300

' -6.0 -. 316 -. 361 -. 372 -. 380 -e368 -. 363 -.325
S-3.0 -o256 -. 256 -. 250 -. 251 -. 262 -. 252 -. 251

-1.5 -o221 -.216 -. 206
0 -. 194 -0198 -. 192 -. 186
1.5 -0.188 -.215 -.194
3.0 -.223 -. 217 -. 22? -0219 -. 212 -. 209 -. 210
4.5 -. 223 -. 228
6.0 -e255 -. 255 -9270 -. 247 -.246 -.*64 -. 249
705 -,248 -9249 -*PS3 -.250 -. 252
9.0 .832 -.223 -.259 -.276 -02to -.2%6 -.255

105. -. 218 -.255 -.270 -. 250
Z2.0 -.268 -. 278 -9291 -*308 -"295 -. 285 -. 268
16.0 -.282 -,328 -e339 -. 323 -.310 -.283 -.250
20.0 -- 183 -.137 -0186

* 135



TABLE )•"II - Concluded

(i) M 0.6, a 4.0 deg

PYLOn ANO INCFRT

STATION CUT (1E3ROES120 15

INCHES 0 30 44 60 O 90 035 15

-16.0 
.661

-,134 -. 103 -. 178
-10.0 -,269 -. 320 -.346 -.803 -0350 -. 302 -. 249

-6.0 -,299 -. 365 0 -*30 -w367 -. 377 -o31U

-30-.260 -. 266 -.264 -.258 -. 269 -. 259 -. 255
-1.5 -. 228 -. 220 -e221

0 -. 190 -0195 -. 211 -. 190 ^195 -*191

1.5 - .21 9229 -. 206 -. 207 -. 203 -- 193

3.0 2 2227
4.5 -,233 -. 250 -,2*9 -. 252
6.0 -.253 -. 269 -. 256 -.236

1.0 .5 -92143 -.238 -.253 -.250
,g0 .731 -.235 -9261 -. 256 -.248 -.244 -.261

-. 227 -.242 -. 253 -.257
12.0 -. 272 -. 291 -.284 -. 291 -*289 -. 28s4 -. 278
12 - .3022 .- -. 268 -. 291 -. 291 -.246
20.0 -. 107 -.177

-0 -- 
-



TABLE XXVIII. PRESSURE COEFFICIENTS M4EASURED 0N CONFIGURATION Fp
"AT VARIOUS MACH NUMBERS AND ANGLES OF ATTACK

( •a) t = 0.2, = -".i ceg

PYLON AND INSERT I
STATION CUT (DE6REES)

* INCHES 0 30 65 60 80 90 100 120 135 150 180
-16.0 .660

-1.60 ".13s ,161
"-10.5 "o218 -.229 -"159 -o024 -"168
"-6s5 -.054
"-6.0 -*279 -.238 -. 205 -"186 -"168 -"252 -.20 -.229
-3.0 -.246 -.221 -.269 -.310 -. 306 -.242 -.256
-1.5 -. 271
0 -. 261 -. 318 -. 387 -*.32 -9319 -.276-.21 -. oo-.838-.1
to 20-.500 -,441

39,0 -1211 -,295 -579 -*.50 -.536 -. 289 -. 238
4.0 -. 315 -. 385
595 -. 256
6*0 -. 177 -0211 -. 171 -. 195 -. 168 -.163

-.LO ",126 -.126
9.0 -. 169 -. 180 -. 132 -,147 -. 179
10.0 -944 -.205
12.0 -0.2468 -.256 -. 230 -. 173 -. 216 -.206 -. 220
16.0 -.252 -.243 -. 200 -022S -0229 -.206 -.233
20.0 -.11% -*157 -.098

TABLE XXVIII - Continued

(b) 14 = 0.2, a 0.0 deg

PYLON AND INSERT

STATION CUT l 6•GREES)
INCHES 0 30 45 60 8o 90 100 120 135 1so 16O
-16.0 .666
.16.0 -.135 .076
o10.5 -,196 -.223 -.161 -. 093 -. 155
"-6.5 -. 120
-6.0 -.2S9 -.21% -.221 -.196 -.177 -.250 -.264 -.224
-3.0 -.232 -. 227 -. 224 -. 216 -. 262 -. 229 -. 246
-1.5 -2S55
0 -. 256 -. 292 -. 390 -.443 -. 319 -. 242
1.5 -.760
2.0 -0.90 -. 479
3.0 -.225 -. 316 -. 530 -. 559 -. 532 -*309 -. 253
4.0 -.366 -. 626
5.5 -. 266
6,0 -.194 -.166 -. 223 -. 139 -. 192 -. 213
8s0 -. 119 -*.14
9.0 -. 196 -. tq2 -. 132 -. 151 -. 196

10.0 -,174 -. 2109
12.0 -. 247 -. 269 -. 252 -. 217 -.241 -. 205 -. 246
16.0 -.280 -.267 -.196 -. 201 -. 230 -. 211 -.260
20.0 -. 110 -. !16 -. 100

v.



TABLE XXVIII - Continued

(c) M = 0.2, a = 4.0 deg

PYL0N AND INWERT

* STATION CUT (OESREES)
SINCHES 0 30 45 60 s0 90 100 120 135 150 180

-16.0 *691.
-1400 -.093 .045
-10.5 -. 153 -. 213 -*112 -,128 -,157
-6.5 -0122
-6.0 -.248 -. 213 -. 188 -@168 -@161 -e213 -. 201 -. 196
-3.0 -. 208 -. 192 -*180 -91T6 -. 205 -.218 -. 220

-1.5 -. 181
0 -o221 -o291 -. 372 -. 399 -. 305 -. 249
1.5 -. 861
2*0 -*.54 --,.90
3.0 -.233 -.355 *.518 -,"99 -. 612 -. 321 -. 218

-.0 -*388 -.475
5.5 -.272
6.0 -s213 -. 232 -. 161, -. 199 -. 213 -. 201
8.0 -.186 -.152
9.0 -#175 -,193 -. 126 -. 165 -. 194

10.0 -.148 -. 186
12.0 -.244 -o257 -. 217 -. 172 -. 199 -. 218 -.254
16.0 -. 290 -. 273 -. 201 -. 188 -. 193 -. 216 -. 276
200. -.122 -.102 -.096

TABLE XXVIII - Continutd

(d) M =0.4, -L.O deg

PYLON ANO INSERT

STATION CUT IOEGREES)
INC•ES 0 30 15 60 s0 90 100 120 135 150 lao
-16.0 .707
"1400 -,174 9145
-10.5 -. 222 -. 283 -. 159 -. 050 -0196
"-6.5 -. 079
"-60 -. 299 -.240 -. 212 -. 191 09191 -. 265 -.257 -.247
-3.0 -. 260 -. 253 -*277 -. 268 -. 297 -. 261 -. 260
"-1.5 -o329

0 -. 267 -o343 -.108 -. e7? *.362 -.281
1.5 -.885
2.0 -. 535 -. 493
3.0 -,267 -,319 -. 609 -. 515 -.645 -0341 -.273
'4.0 -.356 -o500
5.5 -.360
6.0 -.220 -a253 -. 217 -.264 -. 224 -.241
8,0 -. 195 -. 157
9.0 -.19" -. 211 ".151. -.185 -. 207

10.0 -. 203 -. 210
12.0 -. 256 -. 263 -421 -. 197 -. 223 -9221 -. 2'.
16.0 -. 267 -9250 -.221 -.206 -. 250 -.224 -. 253
2O.O -. 126 -.146 -. 116

1 38



TABLE XXVIII - Continued

e) M 0., a 0.0 deg

PYLON AND INSERT

STATION CUT (OEGREES)
INCHES 0 30 45 60 80 90 100 120 135 150 160
-16.0 .688
-10.0 -. 151 .082
"10.5 -*205 -. 275 -@162 -.099 -. 193
S-6-5 -. 105
'6,0 -. 290 -.237 -. 208 -.182 -. 169 -.233 -. 253 -.233
"-3*0 -*250 -. 224 -. 219 -"217 -@258 -.24R -. 259
"-1.5 -,247

0 -.263 -. 320 -,434 -.501 -. 365 -*272
1.5 -. 982
2.0 -. 531 -,537
3N0 -. 278 -. 379 -. 619 -. 592 -. 596 -.374 -. 285
4.0 -. 383 -,493
5.5 -. 361
6.0 -. 225 -. 302 -. e30 -. 258 -. 233 -.254
8.0 -. 200 -.179
9.9 -. 216 -. 229 -. 172 -. 198 -. 222

10.0 -.214 -e235
12.0 -.279 -. 303 -. 231 -. 216 -. 227 -s242 -.2q6
16.0 -.2:17 -. 291 -,200 -.20' -.234 -.2646 -,295
20.0 -. 126 -. 119 -. 120

TABLE XXVIII - Continued

t if) m = o.4, a = 4.0 deg

PYLON 4ND INSERT

STATIO14 CUT (DEGREES)
INCHES 0 30 '5 60 s0 90 100 120 135 150 180
-16.0 .68!
-10.0 -. 121 .031
-10.5 -. 168 -. 236 -. 155 -. 132 -. 183
-695 -. 121
-6.0 -. 266 -. 211 -,184 -. 157 -. 171 -. 23', -. 221 -. 202
-3.0 -.214 -. 187 -v197 -9146 -. 228 -. 206 -. 229
-1*5 -e133

-.255 -. 316 -9357 -,430 -e322 -.268
S1.5 -O896
2.0 -,509 -,480
3.0 -. 26C -. 351 -. 627 -. 615 -. 615 -. 351 -. 283
4.0 -,401 -. 512
55 -. 333
6.0 -. 243 -. 290 -. 218 -. 285 -. 255 -o270
8.0 -. 233 -. 185
9.0 -e208 -. 228 -,182 -,205 -. 227

10.0 -. 201 -. 241
12,0 -. 289 -. 308 -. 255 -,216 -. 257 -. 249 -. 300
16.0 -. 322 -. 289 -. 213 -. 192 -. 215 -. 250 -. 310
20.0 -. 115 -. 1-1 -,109

139



TABLE XXVIII - Continued

(g) M 0.6, a = -h.O deg

PYLON AND INqERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 80 90 100 120 135 150 ISO
-16.0 *737
-1400 -. 205 *136
-10.5 -o264 -. 337 -0199 -s069 -. 218
-6.5 -. 106
-6.0 -*342 -. 286 -*254 -,210 -9213 -*293 -. 296 -. 277
-3.0 -. 292 -o269 -. 290 -. 134 -o341 -. 309 -.320
*iS -,322

0 -,339 -e440 -.514 -,566 -. 472 -.345
1.5 -0841
2.0 -.613 -.595
3,0 -,364 -e439 -,661 -.654 -.642 -,455 -. 370
4.0 -.436 -. 524
5.5 -.512
6.0 -. 309 -9353 -o450 -. 462 -0340 -. 347
8.0 -*340 -o341
9.0 -o264 -,295 -9321 -. 270 -. 286

10.0 -9310 -. 314
12.0 -o338 -. 330 -.345 -o264 -.284 -9294 -.346
16.0 -*317 -9276 -o267 -. 245 -P302 -. 275 -e308
20.0 -. 165 -0192 -0188

TABLE XXVIII - Continued

(h) M =0.6,ci= 0.0 deg

PYLON AND INSERT

STATION CUT (DEGREES)
INCHES 0 30 45 60 80 90 100 120 135 150 180
-16.0 0731

14- 0 -. 19t .067
-105S -.242 -. 310 -,196 -. 123 -. 222

"-6,5 -9115
-600 -9335 -o265 -9221 -. 192 -. 190 -o272 -. 279 -. 246
-3.0 -. 262 -,260 -. 222 -. 113 -. 276 -,261 -. 271
-1.5 -.263

0 -. 334 -.374 -.471 -.539 -.422 -. 337
1.5 -,945
2.0 -,654 -. 618
3.0 -. 364 -. 463 -e735 -o688 -. 733 -9457 -. 370
4.0 -*0OS -. 619
5.5 -. 541
690 -.311 -,332 -*47",25 -9351 -9355
8.0 -@318 -9311
9.0 -. 275 -. 288 -s287 -. 276 -. 300

1000 -. 304 -. 314
12.0 -0361 -. 366 -9330 -. 272 -. 318 -. 304 -. 358
16.0 -,343 -. 306 -9283 -e237 -,285 -. 287 -. 354
20o00 .200 -. 191 -o.18



TABLE XXVIII - Concluded

(1) M =0.6, a = L.0 deg

PYLON AND INSERT

STATION CUT COE6REES)
INCHES 30 s 15 60 80 90 100 120 135 150 180
-16.0 ,728
-1610 -,148 ,023

-10.5 -e190 -o281 -. 190 -. 161 -. 219
-. 129

.600 .*287 -o2446 -.207 -.171 -.1661 -.253 -o234 -@229
-3.0 -.260 -o226 -.197 -0081 -. 201 -o195 -.246
-1.5 -.130

0 -.315 -. 382 -. 395 -.,46 -. 354 -. 330
Jo1s -1.077
2.0 -.642 -.566
30 -o379 -o461 -o730 -o695 -o721 -.*47 -. 382
610 -.501 -. 661
5.5 -.o47
6.0 -. 317 -o37* -o466 -o638 -o334 -0358
8.0 -.331 -.328
9.0 -. 275 -.311 -o302 -. 282 -.309

10.0 -s299 -.347
12.0 -.356 -o386 -. 305 -.286 -.316 -. 330 -. 385
16.0 -.362 -o366 -. 263 -.239 -. 271 -.324 -. 396
20.0 -.176 -. 173 -. 161



TABLE XXIX. PR.ESSURE COEFFICIENTS MEASURED ON
CONFIGURATION FEP F. AT VARIOUS MACHi
NUMBERS ANiD ARCL S"OF ATTACK

(a) M =0.2, a = 4.0Odeg

Irc13 0 39 4t 60 an 01 10o 120' 135. 1sm 180

10.8 686

Luý -.2.7 :zl -. 15t.10 _.n

-0.u1 -.344 -a?' -.239 -.171 -.17' -.25? -.299 -.244;
-3.C so?0 -.:;16 -. 5114 -.667 -.4140 -. 34L

U-.410 -.*-5 -.667 -.t,27 -. 436 -.3-6

bb,3 -.567
3. 0 -.2 .~*.323 -.207

U. -.%21 -.375
5.~. -347

0.0 -. 20*- -.29% -.331 0.~9 -.069 -.177
Is.1 -.067 -.122
P.8 -.111 -.10 .015 -.161 -.11%

U2.0 -.2&1 -.20i^ -.157 -.047 ::05.k -.115 -.161
I..0 -.2.13 -.2?') -.2213 -.156 -.1"? -.1%3 -.121

g00-.131 -.111 -.110

.11G.J FA181I.G OAS$:

*E11n?&a.Ov IJ41 1.T "a )n 120 5 101 .111 20b S 270 Ica 330
*o3: -1.85 -..71 -.735 -.736 -.345 -.426 -.Ss6 -.61s -.926s -1.A02

0.:10 .974 -1.01 I.ni -. 623 -.3%6 -.26q -.772 -.%t0 -.63% -1.1.5 -31-t

TABLE .- Continued

(b) M=0.2, a 0.0deg

PfLIA0 -4. 441SE.1t

!STATIC.. ClIT IDEGSEC'
11Jc"Is 4 30 ft. 60 s0 90 IgO 121 13b ISfl 160
-16.0 .673
-1. o -. 112 :147

-1.7 -....-. 282 -. 061 .058 -. 9
0.7 .59%

ao. -.2162 ::237 -.410 -.123 -.131. -.22* -.2%8 -.22n
-3.8 v 374 -. 14.9 -. 6 74A9 -.399 -. 345
-1.

U .19 .b5 -. 69% -. 522 -. %71 -.31.1

3.u-.3* -0e1-.32A -.247
'.0-.330 -. 27%,

.5 -. 31S
O.8 -. 21%. -. 2Q2 -.325 -. 279 -. 0A2 -. 1%t

10.0 -. 26-..49

1.., -.2.8 ::23A -.2111 -.150 -.170 -.1-3 -.120

~6J-117 -.117 -.279

.C19.~f LdOW4i £22u7 IDS) * ~~o8 0867SIIC
Nua,*LAS 9:..) 0 In 6in 00 120 180 180 22n 260 270 So0 330

.36 -1.313% -. 6i1 -.?A? -. 706t -. 31S -. 301 -. 619 -. 67' .907 -1.%00
0.16 .9 _-.3b9 -1.3*2 -. "9 -. S67 -. 371 -. 2*3 -. 32% -. S56 -. 698t -1.048 -. 302

1142



TABLE XXIX - Continued

(c) M = 0.2,c = 4.0 deg

PVLJr. AUO IUSE.T

STATIO4 CUi (OEGREE-;
INCHES n 30 '9% 60 s0 90 100 120 135 15?' ISO
-16." .698
-1V:0 -. 077 .0!%
-U. 5 -. 1-4 -. 169 -. OfA O.OU -. OAt

"b:!) .63x
- -. 216 -. 200 -. 10? -. 092 -. 015 -. 173 -. 210 -. 187
-3.0 -. 357 -. 4601 -. 629 -. 6V0 -. 1?2 -. 2*6
-1.5

J -. 38P -. 4607 -. 66fi -. 662 -. 467 -. 341

4.0 -. 739 -. 660
3.0 -. 371 -. 4o3 -. 372 -. 2^2

4-.%54 -. 390
.:5 -. 216

0*0 -. 23. -. 206 -. 4;3 -. 210 -. 076 -. 2n7
d.45 -. 114 -. 099
9. -.177 -. 204 .013 -.174 -. 161

10.0 -.. 22 -. 03Q
12.0 -. 2o1 -. 235 -. 147 -. 211 -. 156 -. 1%9 -. 174
10.0 -. 314 -. 14• -. 267 -. 153 -. 160 -.194 -. 124
'0.0 -:016,-03 -.131

RIG1 FAIqir.CG daAF

.FIC.•1T A,0VL AZItUTH IOCG) . O:FORWAR0 * 90---417 SIDE
FUSELAGL cIqN) 0 30 6n 90 120 150 160 210 290 270 300 330

b.36 -1.2%S -. 730 -. 724 -. 790 -. 394 -. 374 -.684 -. 610. -. 752 -W.120
0.10 .977 -. 192 -. 96-1.132 -. 572 -. 412 -. 183 -. 423 -. 169 -. 94 -1.295 -. 361

TABLE XXIX - Continued

(d) m = O. = -. 0 deg

STATIONI CUT 'I0(6R, )
INCC1S 0 30 95 60 60 90 100 120 135 IS0 Igo016.0 0710
-19.0 -. 1S6 .164
-10.5 -. 206 -. 247 -. 096 .093 -. 107

-6.0 -. 3%4 -. 299 -. 264 -. 193 -- &1* -. 239 -. 201 -. 2"8
3.0 -. 952 -. 5%9 -. 961 -. 646 -. 497 -. %16

0 -. 480 -.,56 -. 7*7 -. 509 -. 483 -. 397
1.5
230 -*761 -. 66-3.0 ,358 -. $02 -,395 -. 316
9.0 -. 32.9 -. 03
5.5 -. 319

.0-.261 -. 2 9 -. 359t -. 299 -. 136 -. 231
6.0 -. 170 -. 116
9.0 -.196 -. 167 -. 069 -. 174 -0190

10.0 -*169 -. 142
12.0 -. 2%7 -. 221 -*176 -. 131 -. 125 -. 173 -. 166
16.0 -. •2 -.103 -,205 -. 147 -. 163 -. 174 -. ISO
20.0 -.0125 -. 119 -. 113

MISO FAP11.4 SASE

HEIS"V NOW 421"JT COCO) . G=FOSW0*D 91=41644? S1DEPrSCLMM (IwO 0 30 60 "9 120 15 160 216 290 2?0 300 330
5.36 -1.669 -. 806 -. 768 -. 767 -. 336 -.31 -. 605 -. 651 -. 77 -1.43?6,16 1.017 -AM1 -1.397 -. 991 -. 5"3 -. 140 -*316 -. 467 -. 576 -. S33 -1.3al -. 259

L43



TABLE XXIX - Continued

:• (e) P 0 .4, 0 .0 deg

STAtIu.., CUJI 1DvUELSi
11..*'9S 0 30 s 60 80 90 100 o 20 13S 15" 10
-10,.0 .705

-10.5 -. 176 -. 228 -. 08q .018 -. 095"-.5 .657
--o. -. 318 b .255 -.188 -.091 -. 093 -.003 -. 28b -. 28
-5.0 -..30 -. b.? -. 800 -. 780 -.507 -. 302
-1.5

1.5

-. 774 -. 677
.3.0 -.362 -.- sev -J597 -. 314

-. 352 -. 39?
5.5 -. 351
6.0 -. 262 -. 312 -. 559 -. 277 -. 2-.22
8.0 -. 226 -. 220 z
V.0 -. 197 -. lq7 -. 109 -. 1oZ -. 195

10.0 -. 110
14:0 -. 2o. -. 233 -. 173 -. 109 --.10 -. 17b -. 21%
All -. 2s2 -. 179 -. 257 -. 123 _.177 -. 176 -. 171 'A

S -. 132 -. 156 -. 131

1GIJ FAIR?.,G vaSF
"", iCC.T AdOvE AZ141UTH COES) 0=F084AR0 * O=RIbNtT SIDE
FUSE•,•i.. (IN) 0 50 60 90 120 150 180 P11 280 270 300 330

s,38 -1.45% -. 86. -. 42S -. 802 -. 152 -. 300 -. 559 -. 61Q -. 499 -1.•59
So.16 .. 017 -. 286 -1.167 -1*8 -. 579 -. 41 -. 247 -. 340 -. 576 -. 756 -1.248 -. !t6

TABLE XXIX - Corninued

(f) ?4 = 0. 0" . deg

PTWLAl.'J IN.SERT0

STW7?O. CUT cof68CLsi
kL4,ES 0 3% t 60 or 90 1o0 120 13b IS" 180
-16.0 .707
1-18. -. 091 .388
-10.5 -. 13? -. 186 -.00% .01b -. 09%
-b.31"-6.0 -. 275 -. 191 -.le

8  
-. 001 -. 017 -. 18 -. 207 -.211

-3.0 -.:8% -.. 11 -. 66. -. 631 -. 420 -.- 3b

0 -. 38% -. suo -. 683 -. 61% -. 492 -. 317

1.5P2.0 -. 757 -. 701
5.3 -. 367 -. 3..7 -. b28 .3

5.05 -. 34-
6.0 -. 258 -. 33% -. 38 -. 326 -. 2- 3
j.1 -. 212 -. 170

9.• -. 194 -. 187 -. cs0 "-17. --°78
10.5 -. 258 -. 095

12.0 -.239 -. 237 -. 16' .020 -. 207 -. 173 -. 214
lb.U -. 244 -. 15 -. 237 -. 140 -. 21% -. 176 --.1

:0.0 -. 0O0 -. 132 -. 178

810j F&AIRIZ. 4SE O

FUSELAGE gIl) 0 30 6t or 120 150 180 210 280 270 300 330
5.34 -1.112 -. ?72 -. 737 -. 742 -. 3C8 -. 21% -. 623 -. 651 -. S6c -1.227
0.13 1.022 -. 105 -1.013 -1.113 -. 518 -.%8" -. 27S -. 881 -. S32 -. 671% -1.023 -. M



a.

XX- 7'- ,ntinj

PTO"N weD INSERT

STATION CUT tcOrEEES1

INCHES 0 30 93 60 s0 90 100 120 035 in,0 100
-10e0 .7rs3
.19.0 -. 17e .169et

-10.3 -. 230 -. 277 -. 102 ,865 -. 110
-065 .742
-00 -. 369 -. 308 -. 20 -. 126 -. 121 -. 210 -. 259 -. f70
-3.0 -. 330 -. 095 -1.152 -. 906 -. S00 -.484

0 -. S93 -. 716 -. 799 -. 621 -.592 -. 1*71
1.5
2.0 -.835 -. 630
3.0 -. 99q -. 00 . -. 511 *.t03

a 9.0 -.0.69 -.0j39

35.5 -. 407
6.0 -. 353 -. 401 -. 49% -. 422 -. 318 -. 375
0.0 -. 304 -. 340

9.0 -. 2%0 -. 239 -. 267 -. 230 -. 22•

10.0 -.16b -.292
12.0 -. 302 -. 311 -. 204 -. 136 -4960 -. 217 -. 2Z5
1600 -. 268 -. 259 -. 227 -. 1S9 -. 189 5.220 -.146
20.0 -.190 -. 217 -. 109

0ISID FAIRINS BASE
"EIGH[ST MBOVE AZIWJH COES3 . OZFOI•ARD , 9O~lZAI4T SIDE
FuSEL4•A (INi 0 so 60 0 120 ISO 1D 210 24 27z0 3g0 330

5.38 -1.4. -1.089 -. 866 -. 839 -. 517 -.469 -. S0 -. 0630 -. 961 -1.%4%
60.16 1.056 -. 338 -l.99 -1.031 -. 790 -.009 -,%&7 -.541 -. 376 -. 887 -1.395 -. 11

-ALE XXIX - Ccntnued

(h) m• 0.6, a 0. 0 der

Pn.W AND INSERT

STATION CUT IDEOE[ES)
INCHES 0 30 9S 60 00 90 100 120 135 1S0 10"-10.0 .7117

-19.0 -. 148 M150
-10.3 -. 191 -. 251 -. 091 .832 -. 097

6.0 -. 342 -. 266 -. 181 -,04% .007 -. 133 -. 213 -. 2S0
-3.0 -,.476k -.647 -,912• -. 7809 -. 32 17
-1.5
0 -. 599 -. 672 -. 631 -.363 -. 37* -. ,3
1.5
2.0 -. 63a -. 020
3.0 .71 -.638 -d.99 .932
9.0 -.443 -. 339

•5*5 -.452

6.0 -. 362 -. 432 -. ,47 -. 409 -. 335 -. 360
8.0 -. 336 -. 2"2V
9.0 -. 252 -. 261 -. 269 -. 246 -. 262

10.0 -. 236 -. 252
12.0 -. 315 -. 273 -. 26S -. OS -. 253 -. 207 -. 271
10.0 -. 302 -. 245 -. 262 -. 160 0 ,297 -. 228 -. 218
20.0 -. 16s .171 -. 183

31610 613114G SASE

""EIGT A•OWE *ZI'uoy IEG3 . O*ORVA8VM • O0IGHT4 SIDE
VUScIAOI.wiW 0 30 00 90 120 1"5 1"0 210 240 270 300 330

3.30 -1.911 -. q9& -.61% -. 890 -. 493 -. 406 -. 709 -. 7TO -. 616 -1.197
0.1s 1.060 -. 223 -.1.93 -1.04 -. 06 --.32 -39S -. 504 -. 663 -. 7"9 -1.222 -. 052

A;Q.
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TABLE XXIX- Concluded

(i) M = 0. 6 ,c 4.0 deg

PYLON AND INS•RT

STATION CUT (DEGREES)
INCHES 0 30 45 60 60 90 100 120 135 150 180
"*16o0 ,75
-14.0 -. 113 *071-10,S o.158 -.208 ,., 0 010 -0093

"6,5 .637-60oO -. M9 -.203 -.9235 o00? 9035 .. 123 -*1el71 -9211t

-•30 -.434 -9523 -. 651 -9752 -*.69 -. 374-10S

0 - 1.297 -. 64 0 - .5709 - 6 138 - .SS 7 - .o1SO
1.52@0 -9856 -ol860
3,0 -. 510 -,S71 -. 537 -.433

4,0 -9525 -.563
5-S -,9432
600 -.386 0,#423 -*%0J0 -. 4•25 -*376 -.3800
*so0 -*533g -230
g)oo 0,565 -0284 -,24,9 -,2*7 -.271

1000 .. ,256 -*252
1200 -.322 -.296 -02160 -. 200 -*217 -*201 -*291
16*O -..291 -.4,24 -',282 -. 170 -.26o -@226 -.231
20,0 -.163 "*.195 -. 202

RIGID IrAIRlM~ BASE£

HEIWHT ABOVE[ AZIWeJ3H I01£6) # oXFCRItARD ,90MIIGKT SIDE
IrUSELAK[ (IN) 0 30 60 90 120 ISO IGO 210 240 270 300 3.30

5,38 -1.226 -9830 -.637 -,819 -@517 -. 510 -@567 -.668 .-i&23 -1.060
6,16 1,062 -9126 ,,,,s062 -,916 -9,8.37 -@458 0*446 -o60g 0,539 -o.546 01o230 -.106

t•

114

g4

a 41



TABLE XXX. PRESSUicE COFFFICIENTS MEASURED ON
CONFIGURATION FP2BLCFf AT VARIOUS
MACH NUMBERS AND ANGLES OF ATTACK

(a) M =0.2, a = -h.O deg, fu = 0 ft 2

PYLOS A43 ICJqrmT

STATION CUT IOEGREES)
;INC*ES 1 30 615 60 s0 90 100 120 135 IS0 160

-16.1 .678
-1'•. 1) -. ' •.169 -. 130

-13.5 -. 25. -. 166 .013 .177 .013 -. 151 -. 213

-.*) -.257 -291 7 .2407 :I0 _.4,:0 -. 272 -. 2"6
-: 3 : . .'3 5 2 *. 4 6 * 6 0 3 - . 5 4~ l _*l O -3 1 0

-1 .1301 .::39
0 -.373 -. 548 -. 6619 -323

Li0 -.3c -. 325
::4-*01 -.439 -.1&69 -.36 -. 282 ::300

.-. 59 3 63|616,0 -.367 -,sT7 -,773 -66•7 -.463 -.31:

7.s -. 200 -. 613 6 -. 609 L .38T
.- 20 -.566 -17 -.484- -. 0941 -. 130 -. 171

19).50 .T AL 272 ::392 Cn107
120 b.03 -. 18 0.369 .217 -3e 5 rjj9 -.051L6.0 -.04+6 -. 229 -.soft .1)40 hall4 -. 0981 -,033
2fl, " -. 216 '-. lol * .1$14

9LC A.t[ eXR APTINSOOY

AZZA)TH IDES)- -- ORWAIa STATION U ICHOES) SIDE

S30 60 100 3.0 2.5 6.0 7.5
-4.)0 * -.21 .. 28i5 -. 69 1 .66 -.::62 I .2IrT

-3.0 •-•.350• -. 657 -.503 • -. 3.-3 .559 I.396-.32

TABLE XX -Continued

(b) M -0.2, = 0. deg, fU 0 ft

PYLO-J AND INSr.RT

STATI[ON CUT IDEGIrEEsI

I.C5E 0 -30 -3s 60 so 90 100 120 135 ISo too

16.0 -. s l -. 50
-107.5 ..0322 19 -. 27 - -.00

15 .0-211 :32'45 -- 092 .2 -. e*2 -.28 -.23S
31.0 0 5-.20 -.459 .2503 -. 559 -. 37 -. 338

-2.5 '.10 ::365

0 - 3-.33 -. 53--63 -.67 316
2.0 -. 11 :90 -. 13S

= 40 0 -. 516 - 3708 - 0 -.327 -. 208t. %"it -:*302

6.0 --*.76- -. 458 .: 2 -6547 -. 547.5 - 407S7.5 -. 324* -. 69 -. 341 -. 300

0.3 -. 208 -.863 - .316 .5644 -. 280 -. 17710.5 .001 -. 39)2 -234 135

22.0 -. 050 -. 210 -.%46. :293 -397 -. 107 *.130

16:0 -. 063 ::133 -.ass5 04 -243 -. 12% .0212a 2 0 -*151 -* 155 -* 109

S84.€ CTI.I4DERI ACTER9017

A•|•"UTH (DEG). a=F:ORWA•n STATIONI (rCINCHES) SIDE•
0 30 Go 100 3.0 ý%,S 6.0 7.5

1.01,7 -.1"q -1.376 -:56S -. t *6s7+ 117T -. O LEFT
..*120 -1.0•3 ".3. -S76 46-91 -*604 -*4,3 RItGHTi



TABLE XXX - Continued

(c) M = 0.2, a = 4.1 deg, fu = 0 ft 2

STATMfl CI!? t0C6WEES)
o 30 "5 60 0 90) 100 IZO 135 150 160

-14:4 -. 000 116 3.053
-10. 5 -. 121 -. q66 .071 .137 :039 -. 091 *.116

-6*3 -. 136 -. 179 .032 -333 .017 -16, -. 17"
S-3. -. 245 -. 356 -. 375 -. 529 -. 30% -. 280S1.S -,0. -. 316 :

•, O-.322 -.57% .T -.350

I.S ::335S ::3S%

3.4 -. 362 -. %26 -. 565 -.447 -. %32 -. 303

6.0 .2-19 -. U62 -•217 -. 61C -.511 -. 315
7.S -. 2.67 -3611 -473 -. 2781

::1.ll .. 246 -4790 .*06c 
-.172

07 3 .6072 -. 2210 36033
12.0 -. 036 -1402 0 -. 51 .173 --1172 -. 073 -.138
16 06 1.667 -.20 . 2 .3335 .013 -.3Z6 -. 112 -. 016 f
'to, L•.3-4 1C6 -n037

S•TA CTYLC'S AFT'05OT

AZI-tTm CI ft-r.* •-•rORNA STAl'lq'* tZINCHES) SV[E1

0 3I*600 30 65 30 0 1S4. 610 1.5
. -S -1.210 .490 -. 516 -. 7169 -. 2-33.501 LE-T

"2 064 61.7 -. "1 -.%22 -.390 -. -.•962 -. RU.NT

TB XXX . Cont-1-nued

15 ) M = 0.2, a = -3.9 deg, fu = 6.65 ft

STATION cul • O.rM5
INCHES 0 30 415 60 so 43 loo 120 135 ISO llt•

-16.1 .$61
6.0 -.05% - .- 29 -- 131

-. 2S7 -. 178 .203 51% -. 005 -.191 -.239
-9.0 -.16 - -.73• -*06 -.206 -. 137 -.243

-105 .. 0-1 -. 412
1.0 -.13 -.. 73 1 -011 -. 1 -6

160 -10 -. 191 -1.11 6 -.093 q -1546-13

I.S -.615 -1

3.0 -. 512 -.676 -1032 -.5723

0 3.5 -.4710 3..265.0 7.

6.0 -. M" -. 422 -.482 -.206 -. 25% -. 227

.S -. 2.0 - 1200 -- 206 -422
9.0 -.169 :.197 -.0149 -*151 -. 139 -. 1"•

10.5 ,107 .006 -. 031 -.226

12.h :3133 --0"Q .0141 -. 011 -. 011 -.137 -. 7

16.0 -. t110 .Iql -. 216 :.1•65 -*093 - 156 -.137

20.0 -.g•-no-032

AZIýUI"M 0•13M ,•*OiS TATtom f][lutl".1 SIDE

0 3n ;•0 t): 3.0 %.S 6,0 7.5

-. 329 -2.,66 -5.208 -. o6o -. q7i -.2*3 -. 131 FL&ST

1. 3



TABLE XXX - Continued

(e) M = 0.2, a = 0.0 de2, =

P1L04AM IWd T

STAT101 CUT tOEGS*EES
IdC-.S 0 10 45 60 60 90 100 120 135 IS0 1to

14. -. 154 -117 -. 112
-10.5 -. 232 -. 172 -,005 .132 .008 .137 ::1"6
-56.0 -. 265 -. •39 6 203 -:122 -. 301 -. 282

-3.0 -*557 -. 681 -. 605 -. 717 -. 578 -. 368
-1.5 -. 627 -. 512

0 -. 670 -1.169 -. 9*o -. 96
1.5 -. 632 -. 171
3.7 -.61O -. 75? -1.118 -. 620 -. 509 -. 3•7
6.5 -. %99 -. 320
6. -.*Is -. 470 -. s1 -. 402 -. 310 -293
7.5 -. 291 -. 235 -. 2•5 -. 220
9,0 -. 269 -. 172 :.0&7 -. 156 -. 19" -. 218

10.5 -. 1%2 -*035 -. 062 -*161
12.3 -. 169 -. 125 -. 015 .-10 -. 05b -. 170 -. 211
16.0 -. 178 -. 231 -- 135 -. 197 -. 0o5 -. 170 -. 158
20.1 -. 107 -. 064 -. 0S9

SL. CTL*•J43 *TCUSOOI

AZM1u14 lCOW. 2-0OM96' STATION IINCK'S) SIDE
2 ;e 60 t00 3.0 6.5 6.0 7.5

1.001 -.034 -2.217 -5.229 --1.06 -. 691 -. 400 -. 128 LZ "
-. 284 -2.013 -6.220 -. 533 -. 350 -•271 -. 190 M1IGT

TABLE XXX - Continued

(f) M = 0.2, a = 1;.1 deg, flu = .65 ft

"YLON "o4 INS"?

STATION CUT 1 E6Iw 5
INCHES 0 30 65 60 so 60 1oo 120 13S 150 16-2

~16.0 635
-16.• -. 006 -101 -- 051

-10.5 -. 195 -. 119 .02% .109 -. 012 -. 113 -. 169
-6.' -. 209 -. 256 -. 091 .2az -. 002 -. 239 -. 229
-3.0 -. '66 -. 5S2 -. ,67 -. I3 -. 500 -. 369
-1.5 -. 540 -. 441

0 *.614 -1.090 -. 972 -. 473
1.5 -. 5s5 -.*-S
3.0 -. 562 -. 735 -1.077 -6t66 -. 509 -,379

.S -. 5r- -. 308
6.n -.384 -. S00 -. 472 -.*11 -. 32. -. 297
7.S -. 313 -. 246 -. 278 -.Z4

9.1 -. 269 -. 162 -. 050 -1SO -. 191 -. 226
10.! -1IS3 4020 -. 036 -*146
"12.0 -. 172 -117 -. 017 -. 010 -. 030 -'.91 -. 223
16.0 -. 179 -. 209 -. 096 -. 174 -. 093 -. 150 -. 1600
20.n -. 096 -066 -. 066

L.C C•TI.X1 t ArTE.900?

ZI1,• t•IES)- 0FQo*0 S6TIV 5 [INCHES SIZE

0 30 60 1*0 3.0 6.5 6.0 7.5
1.016 -. 3U -Z.S6 -5.168 -1.036 .6Zl -. 297 -. 137 LEFT

-. 205 -1.932 -4.252 -.*09 -. 53f -. 379 .156 66.*:O7

'L.u



TABLE XXX - Continued

(g) M = 0.4, a = 4-0. deg, fi = 0 ft2

PTLO4 IUD ItaSTT

STATION CUT £0EG6OES)
INCHES 1) 30 6tS 60 60 90 1c0 120 135 150 i1o
-16,.1 .016
-16.n -. 106 -161 -. 167
-10.5 -. 200 -- Is% .020 -137 -. 013 -. 179 -. 295
-6." -. 239 -. 311 -. 153 4133 -. 106 -. 297 -. 267

03.0 -. '02 -. 523 -. 603 -. 570. -. -. 319
-1.5 -. ,44 ,:396S-.396 -. 527 -. 537 -. 362

1.5 -. 331 :.363
3.0 -.,76 -. 539 -. 654 -. 476 -. 393 -4603
6. 5 .551 -. 467
6,• ,,676 -. 6.2 ::536 -,527 -. 50% -,515
?7, -. 460 -. 577 -,525 us61?
9.n -. ,113 -. 333 -. 65% -. 393 ::347 -. 312

10.5 -. 170 -. 465 -. 376 ,223
12.0 -. 062 -. 06 -. 300 .453 -. 122 -. 164 -. 129

* 16.0 -. 073 -. 271 -. 233 .049 -. 251 -. 155 -. 073
20.0 3.511 -. 126 -. 215

9 m.C CYL.xMEpcc aVTT

A ()UT .--.. O31*7106 SA IO IN~CHS) SIDE
3 3t% 60 100 3.0 %.S 6.0 7.5

1.03S -. 173 -1.267 -.0•* -. 491 -.,45 -. 609 -. 612 LIE"
-. 119 1-114 -. 52 -. 467 -.6"0 -. 915 -. S6s mIgN?

TABLE XXX - Continued

42
(h) M = 0.h, c = 0.1 deg, fu = 0 ft 2

pVlur lan IIK.F6T

STATTIO CUT (0166IF0
INCHES n 30 63 60 6o 0 100 120 135 150 159
-16.0 :443
-14.0 -. 063 .110 -. 165

-10.5 *.225 -- 137 *O3L .12* -. 010 -- 13 -. 205
-6,nl -,196 -,264 -,061 .297 -. 053 -. 232 -. 229
:3,0 -. 331 - . 530 -S.36 -. 4602 -. 296
-1. -.,379 -:35S

0 -. 365 -. 49S -. 637 -. 323
1.S -.V"4 -. 345
'.q :.43% -.471 -.667 -. 46 .69 -. 366

6.o0 -. 678 -. 652 -,606 -. 619 -. 623 -. 665
7.S -. 473 -. 6r7 -. 769 -. 407
9.0 -. ,51 -. 225 -. 545 -S502 -. 3S2 -. 240

1.5 -. 02Z .%S52 -4157 ::too
12.0 -. cq2 -. 061 -. "?~ -3s%• -. 215 n"q~ -Aso0

16.0 -.004 -. 21% -. %12 -076 -. 36 -. 167 -. 1801
20.0 -. 135 -.136 -. 153

6LC CTLUM G"tT6q6O*0

AZImUfr 10($1. o-F0Su6v_ A • 5 il0 fIwCH[Sj SIDE
0 30 60 100 3.0 6.5 6.0 ?.5

1.060 _.163 -1.263 -.474 -S13 -5.9$ -. 651 .,LSI LIFT
.059 ' 1.1 -.its -1567 -.S31 -. 58- 1 -.441 42HT

c;O



TABLE XXX - Continued

(i) M4 0-Qh, al =4.1 deg, fu 0 0t

lta . 3D S 60 *0 90 100 120 13S ISO ISO

:16.0:4
146.a -. 43a O#A-. 7

-10 :16iS -.109% :045 :Its .01'I -. 091 -. 144

~80 .175 -let .026 .'?7 .024 -. ITS -. 105

10. -06 -3 -% .2

220 :.16% -. - .6 2.9 .6 -. 1526 -1
1.,. 3.66 -88 .7 -.155

ftsk-.54 -. be*-SOS8

7:% l 6 %19 1 3.0 8.8 8.0 7.

1.08 -. As%128 .8 -."2 - 6% -. SU-.7 -.86% -.12 10
-.071 -1.12-A 4142.8 -. 8-.Ole -. 377 81647-06

-16. t 6011 . %.S6 .0 7.

-1.8l -. 318 -.- 21S -2 -. 603 -.61% S7 -.0%6 -.EV?-28
-3 .0 1 -1.120 -%"

7  
-. SA -5% -. 2 -.541 -. 17 ~8

TABLE ... 7 --. ntiue

m= o..4, a=-.1deu 51.95ft28 .

1%36 0.7 1"8 -38 . -. 177
7.05 15 -::278 -.200 -. :2:- 121
8.01 -.211 3.18 ISO -a1u -. 172 -. 40

130. "0.1 00 -93 -.027 -. 082 -. 138
120 .88 -. 0 - .02 -..168 -. .122 6.70-6

16. ::718 12 -.213 -1.18 -28 -.696 -. 188 -.17
=0..S -.- A -31

4.0 -3" -. 79 -" -. 3% -Z.-.27

0 37 6 - 107 3.02 -..8 6-037S
12.08 -.8 p -2.10 617 -1.029 -. - .36 1 -. 4 .170 -. 1"

1 -.3281' -2:4611 6.21S, -1:122 -. 32" -. 319 .103 826E"

151



TABLE )XX - Continued

(k) M =0., a = 0.0 deg, fu = 5.95 ft2

PTLOM ANDt IWMERT

5TAT710 CUT (rME'GgFpS)

INiC"Er 0 30 ts 60 so 300 100 120 13S 150 180
-16. -6%5
-1:.0 -.. 96 ,105 -. 157
-11.5 -. 265 -. 171 -. 00f .112 -. 032 -. 172 -. 2 4

-6.0 -. 301 -. 35% -*169 .199 -. 138 -. 335 -. 3S
-3.0 -.-62 -. 739 -. 829 -. 8;9 -. 651 -.60S
-1.5 -. 721 -. 586

0 .. 799 -1.197 -1.082 -. 609

I. -_731 -. S56
3.0 -. 650 -. 796 -1.3601 -. 701 -. 591 -. 009

Wot -. 3441
6.0 -. 435 -. Sl -*So0 -. 41S -. 310 -. 294
7.5 -. 314 -. 254 -. 237 -. 291
9. -. 5 : ? -. 10 -. 145 -. 148 -. 232

10.5 -. 195 -. 012 -. 060 -15SS
12.0 -. 107 -. 152 -. 022 -. *q6 -. 07a -. 193 -. 22916.' -. 173 -. 290 -. 19 *• -,118 -. 190 -. 211

20." -. 1-% -. 048 -. 090

SLC CtL.IVXC -- ""T

AZ1-UT#4 (0(02* V-Di99' 5TA1IMl* I ICES) SIDE
0 30 60 I0i 4.1 9.5 6.0 7.5

WAD90 -. 340 , *..7fn 6.165 -1.066 -. 751 -. 302 -. 075 LEFT
-. ZS -7.,2*i 6.165 -. 537 -. :34, -. 339 -. 27? M16IGT

TABLE X0( - Continued

(1) M = 0.14, a = le.O re , fv = 5.95 ft
2

PTLOMd AND~ M1,4S0

STAT1~d CUT IDE-SOr
INCHES 0) 300 9ts 60 0o 100 120 135 150 18I
-16.0 ., -

-In.5 -. 200 -. 121 .022 .107 *.017 -- 132 -. 171
-6.0 -. 2%0 -. 271 -. 070 .276 -. 966 -. 267 -. 256
-3:.0"-..99 -. 60" -. 1- -. 736 -. 595 -. 425
-1.9 *-. *92

S-.491 -1.131 -1.099 03-.6
1.S R..97 -. 590

N0 -. 637 -. 301 -1.309 -. 799 -. 612 -. 465
9.5 -.5. -*350

.0 -. eS7 -.S1t -. %96 -. 397 -. 34R -. 30&
7.9 -. 332 -. 22S -. 2" -. 249
3,l -. 757 -. 204 -. 070 -. 130 -. 195 -. 293

1.5 -. 151 .009 -. 086 -. 150
12.n -. 197 -. 148 -. 011 -. 1C0 -. 093 -. 194 -. 236
16.0 -. 178 -. 71 -. 127 -. 795 -. 128 -. 196 -. 221
2".n -. 116 -. 075 -. 078

9&C CTLI'rJR COmD

AL1Zu7" to-Er * -0109019 SlATlO.. I 1tCMSI SIDE
n 3- 60 101 3.0 %.S 6.0 7.5

1.090 -. 2%7 -2.0W• 6.149 -1.113 -. 75 -. 35S5 -. 113 LUT
-. 211 -2.049 6.199 -.*-67 -. 5•6 -. 284 -. 229 9I164T



TABLE XXx - Continued

(.. 1 = 0.6, 0 = .1 deg, :X. =

%'C' 0 %S 60 'to In 100 120 135 150 In-)

-19.' *.077 -.159
-1 '5 -. 31, ::127 .034 .137 .009 -133 -. 2077

-. ' -. 2 sg.6.1 -. 04W9 -. 021 -. 265 -. 245
_.927 -.-• 3 -. 604 -. 642 -. 49% -. 396

.5 -. -. IT7 -. 602

'5 .. 961 -5 *7 .-. 6.5 -. 628

., -..34 -. 670 -. 60 - -. 60S -. 67 -6
5.5 .. 527 .539

5 -* o-.51 -. 64 -. 674 -. 730 -. 736 -. 5• 2
-. 521 -. 67 -. 610 -Sl93

.1 ..%27 -6 -. 661 -S521 -t?6
-4.5 -.2.• -. 6•* -. Su2 -. 306
12.. -. 205 -. 17F -. 336 -165 -:165 -. 155q M

1. -. $26 -3-•-97 -. 175

1.C C-L1 55X -. 7

9.• 60 *0. %.s 6.2 7.5
1.79' -. 07-t .. 77 -. 571 -.460 -.- 59 -. 656 -. 629 LEFT

-.on* -1.307 -.SO -. 610 -.0-5 -. 624 -.06SS 416.T

TA A. `E -XX -Concluded

(n) M =0.6, ai 0.0 deg, fu =2.3 r

PfLO 0#3I d2M~rR7

If187114 V) 9s so%0lo 120 135 1SO ISO

-140.7ZO .60% :6

-11A5 -01-A -. 1" .029 -120 -. 009 -. 63 -. 217
-5--.6 .31" -ASO5 .193 -.DS7 -. 319 -. 31%

-15 -S71 -. 61%
0-.SS? -.431 -1.260 -. 661

-. 4-5* -.SA3 -. 627 -613 -S."- - .. f.T
. -. 41R_ -522

.-. 982 '1 --S813 --SSG -.482 age
'5 7.5 -.%61) -~ -SOS6 -. 343

40 -'13A -. 2%9 -. 31S -333 -. 333 -. 340
17.5 -. 21s -.In* -. 223 -. 242

Z2." -. 710 -.107 -.144 -. 152 -. 220 -. 208

22.'l -. O -. 171 -. 6. -16 - .17 -.165 -2 3

O ~ ~ ~ ~ Is Cn1.CNav42i0

8l2"UTh 4OhI. TZ78989f' ST57204 tl-XICSI SIDE
30, 60 10% 3.0 %.5 6.0 7.5

101-IV) -1.99% 3.678 -.93O -. 761 -. 501 -4967 LETf
-. Irv -1.996 3.478 -. 6V1 -. 634 -. %97 -.mZG 826.4
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TABLE XXXII. PRESSURE COEFFICIENTS MEASURED ON CONFIGURATION Fl
AT VARIOUS MACH NUMBERS AND ANGLES OF ATTACK

(a) M= 0.2, a =-3.6 deg

MIWB-1/4 S(iQI-SPA7S.125 VdCtES Fl0w Q0OT: (CHOR0.16,2 ICNCES)

• CHOlO 2 5 7.S 10 IS 20 25 30 35 40 50 60 70 s0
UPE SURPAC£ -. 94'6 -1.00. *.9" 9.SI9 -"1S -*6 09f3 -.676 Aft2 _.73% -. 5 -.%%2 -276 -:147

Lou" SURFACE 120 .. 125 -. 2" -. 3" 303 -21 203 -. 125 .54

WIMN1•/2 SE4U4SPAH16.25 INCHIS FROM R0OT1 (CM 13.? I14ES)

% CHORD, 2 5 7.5 10 15 20 25 30 3S 80 SO 60 70 so
1Df SUMFCZ -. 785 .. ."6 -. 89 -. 901 -. 8 -496 -. 866 -.SM **8 -.00 5 -. 67 -.120 6•.61 -:218
LOWN SUIRACE *120 I.to2 -. 125 .. 171) -. 21TO 0235 -. 177 -.044 .o8

TABLE XXXII - Continued

(b) M= 0.2, c= 0.8 deg

ui11G.-4 Scwz.SPAue Sa• INCHES FRO- ROOT: (CHOROCIO62 INCHES)

CHOR 2 S 7.5 10 15 20 2S 30 35 40 so 60 70 80

uiPI SU4A¢CE -1.736 -18466 -1.316 -1.254 -,l.17 -1.075 -1.011 -. 95* -. 673 -. 601 -. 620 -.%42 -. 272 -. 126
1.01ER SURFACE ,S54 .290 .112 .000 -. 039 .052 *.069 -. 017 .092

uIN6-1/2 SENI-SPA%*.16.2S INCHiS FROM SOOT: (CHO0013.7 INCHES)

CHORD0 2 5 7.5 10 15 20 25 30 35 40 s0 60 70 80
LOPIR SUPWACE -1.90% -1.625 -1.71 -1.362 -1.25% -1.172 -1.122 -1.080 -1.019 -. 92S -. 751 -. SS1 -. 364 -. 212
LOWER SUI4ACE .550 .297 .181 .092 -. 022 -. 071 -. 066 -. 005 .107

TABLE XXXII - Continued2.
(c) M = 0.2, a = 5.1 deg

uIM-I/a SIu•ISPAxS.123S 1'C'41ES FQ ROOT: fCHOD=16,2 INCHES)

z CH0R0 2 5 7.5 10 15 20 25 30 3S t0 so 60 7- s0
UPPER S4WACE -2."10 -2.050 -1.736 -1.593 -1.01 -1.255 -1.1%0 -1.063 -. 965 -.&3% -. 634 -. 423 -. 233 -. 042
LOWiE SUOWACE .48% .596 .438 .319 .21, .138 .066 .107 .188

IlNGS-1/2 SEtI-SPV=16.2S IN€CS taR~o tOO: (CN0Nfl 13.7 I"CHES)

z CH0O0 2 5 745 10 1 20 25 30 35 80 so 60 70 s0
PSER SUIFACE -3.166 -2.361 -2.016 -1.917 -1..6 -1.4827 -1.303 -1.218 -1.11% -1.00, -. 789q -. 513 -. 30% -. 133"LOWIR SURFACE .887 .611 A836 .328 .113 .090 .06 .071 .137

159



TABLE XXXII - Continued

(d) M = 0.4, a = -3.6 deg

wING-I/i. SEM1-SPAN'8-.125 1.jCmES FROv. ROOT: ICHD0RD:16,2 INCHESI

% CHORD 2 5 7.s 10 15 20 25 30 35 40 so 60 70 s0
UPPER SURFACE -. 907 -. 972 -. Q8S -. 957 -."a -. 926 -. 90S -. 861 -. 929 -. 760 -. 6108 -.441 -. 232 -. 139
LOWER SURFACE .113 -.144 -. 318 -. 408 -. 32' -. 270 -. 232 -. 133 .0F3

owthE-1/2 StEI-SPA•=16.25 INCHS FRO- COOT: (C'RD=13*7.7 INCHES$

s CHORD 2 5 7.5 10 :S 20 25 30 35 80 so 60 70 s0

OiWPER SURFACE .. 772 -. 92% -. 919 -. 92* -. 986 -. 944 -. 9•3 -.944 -. 917 -. "09 -. 716 -. 551 -. 345 -. 245
LOWER SURFACE .093 -. 000 -. 152 -. 207 -. 263 -. 270 -. 200 -. 113 .063

TABLE XXXII - Continued

(e; 1 = O.A , a = 0.2 deg

*1i6-18/ SC*I.SPAt=0.125 INCHES FRO.. ROOT: (CH08=16.-2 INCHES)

s CHORD 2 5 7.5 10 15 20 2S 30 35 80 so 60 70 00

UPPER SURFACE -1.7" -1.560 .1, -1.337 -2.237 -1.156 -1.098 -1.036 -. "51 -.651 -. 659 -. 461 -. 283 -. 139
LOWER SURFACE .53 .267 .072 -.044 -. 072 -. 09" -*091 . .042 .069

1'46-1/2 SE44Z-SPAN=16,25 INCHES CROW ROOT: (CHOOD=13.7 INCMS)

ICHORO 2 5 7.5 10 15 20 25 30 3S %0 so 60 70 60

UIPPER SURFACE -" 93% -1.7"6 -1.533 -1.838 -1.332 -I.ZS% -1.206 -1.162 -1.001 -1.002 -. 802 -. 562 -. 393 -. 221

.0.EOr SURFACE .530 .258 .160 *057 -. 051 -. 107 -. 09• -. 028 .093

TABLE XXXIi - Cont nued

(f) M = OA:, a = 5.2 .iej

wINS-1', SENI-SPA,=s.1as v.cm€[S FR COOT: ECOOOMD=G6.2 INC
4
WES

S HORD 2 S 7.5 10 15 20 25 30 35 80 so 60 70 s0
UPPER SURFACE -2.971) -Z.202 -1.937 -1.761 -1.587 -1.391 -1.270 -1.173 -1.0S7 -. 934 -. 700 -. 470 -. 269 -. 121
LOW"R SURFACE .626 .58 .006 .278 .173 .096 .053 .03S .119

uIiJG-Z./2 SE-V1SPS=16.2S INCHES FRO- ROOT: fCCH*Rt-13.7 WHCdES1

SCHOR0D 2 S 7,5 10 is 20 2S 30 23 80 so 00 70 s0

UPPER SURFACE -3.S93 -2.610 -7.206 -1.982 -1.726 -1.555 -1.432 -1.327 -1.217 -1.086 -.- 12 -.s%7 -. 327 **170
LoWeR S•RFACE .817 .S75 .*23 .302 .151 .051 .021 .049 .110

S60

- -- - -. - -A - -. - -- -. . ....



TABLE XXXII - Continued

(g) 'i -- 0.6, CA -1 J; deg

UING6-14
1 

SE,4lSpA=4:.12S INCHES FROM QOOT: (CHOD-6,16.2 IMCS)

S CHORD 2 S 7.5 10 is 20 2S 30 35 90 50 60 70 s0
uIPPER SURFACE -1.292 -1.S0? -1.39 -1.926 -1.966 -1.367 -1.352 -1.292 -1.138 -1.009 -. 743 -. 504 -. 303 -.109
LOWER SURFACE :30o .013 -. 204 -. 352 -. 261 -. 27" -. 243 -. 140 .037

.196-1/2 SEI1-SPAW-16.S5 INCHES FROM ROOT: (CH0OII.13.7 I'4CR4!t-1

a CHMO 2 5 7.5 10 15 20 25 30 35 90 So 60 70 s0
U.PPCR SURFACE -1.135 -1.489 -1.•39 -1.91 --1.519 -1.535 -1.955 -1.•43 -1.311 -1.167 -. 905 -. 656 -.9911 -. 263
LOWER SURFACE .276 .059 -06% -. 199 -. 257 -. 290 -. 239 -. 136 .056

TABLE XxX:I - Continued

(h) M = 0.6, a = 1.0 deg

wItNG-1/4 SE'q1-SPA0=i912S INCE.CS FRý0 R00T: IC.00152D=• I•C•ES)

Sc4owC 2 5 7.S 1t 15 20 25 30 35 90 50 60 70 so
U'P9ER SURFACE -1.756 -2.002 -2.03S -1.918 -1.764 -1.632 -1.128 -1.309 -1.178 -1.032 -. 760 -. SO$ -. 302 -. 139
LOWER SURFACE .521 .237 .016 -. 132 -. 129 -.156 -. 167 -. 090 .0"s

WINGS-1/2 SEI-5PANU16.25 14CHES FMO• NOVI01? tCW9=13.7 ItNC915$

•CHORO 2 S 7,5 10 15 20 25 30 3S 90 s0 40 70 I0UPPER SURFACE -1.65% -1,491 -2.060 -2.069 -2.090 -1.970 -1.99W -1.750 .1.179 -1.112 -. 697 -. 6S0 -. 431 -. 25%LOWER SURFACE .986 .291 .109 .001 -. 126 -. 179 -.1S9 -. 005 .9175

TABLE vXXI7 - Concluded

(i) ,. = c.6, a-- 3.f.deg .

u114-1/4 SEM1-SPAW8.12,5 :*CHS FRO- OOT: tCM00O=26.2 INCHES)

SCHORO 2 5 7.5 10 iS 20 2S 30 3S 90 50 60 70 00
uPWER SURFACE -2.205 -2.20S -2.205 -2.205 -2.101 -2.087 -2.113 -1.310 -1.10C -.979 -,73S -. 498 -. 29% -.19o
LOWER SURFACE .4,q .399 .196 .045 -. 009 -. 067 -. 063 -. 091 .090

al"t&-112 SE*I-SPA';=16.25 I•4CHSS VRO. ROOT: lCUOROZ13.7 INCHES)

9CHORD 2 S 7,5 10 1S 20 as 30 35 90 So 60 10 s0
UMNR SU•ACE -1,463 -2.70S -2.205 -•.205 -2.205 -2.205 -2.205 -1.702 -l.S90 -1.Z20 -. 7%5 -. 572 -.3A% -. 227
L OE.£ SURFACE .63S .36S .2%6 .131 -. 025 -. 49% -. 102 -. 039 .068

.. ...
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